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LECTURE I. 
INTRODUCTION. 



TAe relation of Burgety to internal medicine. — Necessity of a prac- 
titioner's having acquired both, — Historical remarks. — The 
method of study of surgery pursued in the German univer- 
sities. 

Gentlemen. — ^The study of surgery, which you commence with 
these lectures, is in most countries at present rightly regarded as a 
necessity for the medical practitioner. We consider it a sign of 
progress that there is no longer the same separation of surgery from 
medicine as was formerly the case. There is in fact only an apparent 
distinction between internal medicine and surgery, the separation is 
artificial, although founded on history and on the great and ever 
increasing extent of medicine generally. You will often notice in 
the course of these lectures how very much surgery has to take into 
consideration the internal and general processes in the body, also that 
external and internal affections are in all respects analogous, and 
that the whole difference is in the fact that in Surgery the local 
alterations of tissue are mostly patent, whilst we only judge of the 
local affections of internal organs firom the functional disturbances. 
The effects of local disturbances on the condition of the system in 
general, must be as accurately understood by the surgeon as by one 
whose attention is principally occupied with diseases of the internal 
organs. In short the surgeon must be a physician also in order 
to form a correct and safe judgment as to the condition of his 
patient. On the other hand the physician who puts surgical cases 
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2 INTEODUOTION. 

on one side and only attends to the treatment of internal complaints, 
most have some surgical knowledge if he would avoid making the 
most unjustifiable mistakes. Independently of the fact that the 
country doctor does not always have a colleague within reach to 
whom he can hand over his surgical cases, the life of a patient 
may at times depend on a rapid and correct diagnosis of some 
surgical disease. When blood is spouting from a wound, when a 
foreign body has entered the wind-pipe and the patient is 
threatened with immediate suffocation, then is the time for 
surgical interference, and that quickly, or the patient is lost. It may 
happen in other cases that a physician without any knowledge of 
surgery may do much harm by his incapacity of forming a judgment 
as to the importance of a disease ; he may allow the complaint 
which at first might have been easily relieved by surgical aid, to 
become incurable and thus by his want of knowledge cause 
unspeakable injury to the patient. It would for this reason be 
most unjustifiable should a physician perversely persist in the idea 
of only practising internal medicine, still more unjustifiable would 
it be for you even to think of neglecting the study of surgery : to say, 
" I will not operate, as there are so few operations in generid practice, 
and personally I am not fitted for it V' As if surgery consisted in 
operating only ! as if surgeons only needed skilful hands in order 
to do their work properly : I hope to present you with a better 
view of this branch of medicine than that represented, which is 
unfortunately only too popular. 

As surgery has to deal chiefly with palpable injuries, it certainly 
has a somewhat easier position with regard to the anatomical 
diagnosis, but do not estimate this advantage too highly ! Quite 
apart from the fact that affections requiring surgical treatment 
are often deep-seated and hidden from view, much more is expected 
from a surgical diagnosis and prognosis and even from the treatment 
than is expected from the therapeutic action of internal remedies^ 
I do not deny that internal medicine may in many respects possess 
greater attractions just because of the difficulties which it has to 
surmount in the localisation and recognition of disease, difficulties 
often so successfuly vanquished. Yery fine mental operation is 
frequently neccessary in order to obtain a clear idea from the 
complexity of the symptoms and the results of the examination. 
Physicians may point with pride to the anatomical diagnosis of 
diseases of the heart and chest, since by their indefatigable spirit 
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of inquiry they have been enabled to give as accurate a repre- 
sentation of the changes in the affected organ as if they were 
present to the eye. How marvellous it is to be able to get a 
clear idea of the diseased condition of deep-seated organs^ as the 
kidney, liver, spleen, the intestines, the brain and spinal cord, 
by means of an examination of the patient and the combination 
of the symptoms. What a triumph to be able to diagnose 
diseases of organs, of whose physiological functions — the supra- 
renal capsules for instance — we have not the slightest idea. This 
somewhat indemnifies us for the fact that in internal medicine we 
have more frequently than in surgery to confess our powerlessness 
respecting the operation of our mode of treatment, although the 
treatment of internal complaints has, owing to the progress of 
anatomical diagnosis, become more certain and more definite as to 
its object and the results attainable. 

The attraction of the finer reflective qualities of our imagination 
and intellect to the sphere of internal medicine is, however, 
abundantly compensated by the greater certainty and clearness of 
diagnosis and treatment in surgery, so that both branches of medical 
knowledge not only appear perfectly equal, but what is done in the 
one is as glorious as that in the other. And we must not forget 
that the anatomical diagnosis — I mean the knowledge of the patho- 
logical changes of the diseased organs — is but a means to an end, 
that is the cure of the disease. To find the causes of the morbid 
processes J to fortell their course correctly ^ to conduct them to a 
favourable issue or to check them, these are the peculiar problems for 
the physician, and these are equally difficult of solution in internal 
as well as in external medicine ; scientific research and refined 
empiricism are the means at our command for the solution of this 
problem. 

One thing alone is required of the pure surgeon more than of the 
pure physician : the art of operating. This, like every other art, 
requires mechanical skill; operative skill depends upon accurate 
anatomical knowledge, on practice and on natural talent. 

This talent for operating may by constant practice, be successfully 
cultivated, if there be medical aptitude as well. Eemember how 
Demosthenes overcame the difficulty of speaking ! — Owing to this 
practical part of it, though essentially necessary, surgery, in its 
narrower sense was so long separated from medicine ; historically 
we can trace how this separation arose, how more and more it 
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continued to make itself practically felt and only in the coarse of 
the present century was it looked upon as unsuitable and was put 
on one side. In the word " Chirurgery " we find expressed that 
originally the practical part of the art only was meant^ for the word 
*' Chirurgery '' is derived from ^hlp and cpyoi/ ; the literal translation 
being " hand-work/* or as it was called in the favourite pleonasm of 
the middle ages " the craft of Chirurgery." 

Little as it is the design of these lectures to give you a complete 
sketch of the history of Surgery^ it still seems to me of importance 
and at the same time interesting to give a hasty glance at the 
development of our science and of the position we held, from which 
you will understand many of the various existing regulations affecting 
the so-called medical staff in different countries. A more copious 
history of surgery can only be useful to you later, when you have 
already obtained some insight into the value or otherwise of certain 
systems, methods and operations. You will then find the key 
in the historical development of our science, particularly in respect 
to operative surgery, for much that is at present surprising 
and for much concealed knowledge. Much that is absolutely 
necessary for its comprehension, I will explain to you in speaking 
of the various diseases ; at present I will only bring forward some 
of the prominent events in the development of surgery and of the 
surgical status. 

Among the nations of antiquity, the healing art was essentially 
coimected with religious culture. It was looked upon among the 
Indians, Arabians and Egyptians, as well as among the Greeks as a 
revelation from the Deity to the priests, which spread by tradition. 
Philologists have not all been agreed as to the age of the recently 
discovered Sanscrit writings ; at first they were believed to have 
originated about looo to 1400 years B.C., at present they believe 
for certain that they were written in the first century of the 
Christain Era. The Ayur Veda (" Book of the art of life ") is, as 
regards medicine, the most important work in Sanscrit, and was 
composed by Susrutas ; this work most probably first appeared in 
the time of the Roman emperor Augustus. The art of healing was 
considered in its entirety, as is evident from these words : " Only 
the association of medicine with surgery forms the perfect physician. 
The physician who is deficient in the knowledge of one of these 
branches^ resembles a bird with but one wing.** Surgery at that 
time WIS beyond doubt by far the most advanced department of 
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the healing art. Much is spoken of a vast number of operations 
and instruments, but it says very truly that " of all instruments the 
hand is the best;'^ the treatment of wounds is simple and 
appropriate ; and most surgical diseases were already known. 

Among the Greeks the aggregate of all medical knowledge was 
concentrated in Asklepios (^sculapius), a son of Apollo, and a 
pupil of the centaur Chiron. Many temples were built to 
^sculapius, and among the priests of these temples the healing art 
was transmitted by tradition; in the different temples arose different 
schools of ^sculapius, and although every one who entered the 
service of the temple as a priest of ^sculapius, had to take an oath 
which has been preserved to our own time (though its genuineness 
has in more modem times become very questionable), that he would 
only teach the art of healing to the successors of the priests, it yet 
appears from various circumstances that besides the priests there were 
other physicians. From what occurs in one part of the oath, it 
even seems that then, as at present, there were physicians who 
occupied themselves solely as specialists with certain operations, for 
it savs : " Never will I cut for stone, but will leave it to those men 
whose business it is.'' We first obtain more accurate information 
as to the different kinds of physicians in the time of Hippocrates; 
he was one of the iEsculapians, was bom on the island of Cos 
about 460 B.C., lived partly in Athens, partly in Thessalonian cities, 
and died at Larissa 377 B.C. We might well expect that medicine 
would be scientifically treated at a time when the names of 
Pythagoras, Plato, and Aristotle, shone in Greek science; and, in 
fact, the works of Hippocrates, many of which have been preserved 
to our time, excite our deepest admiration. The clear descriptions, 
the perspicuous arrangement of the whole material, the enthusiasm 
for the healing-art as a science, and the keen critical observation 
which we find in the works of Hippocrates transport us, even in 
this department, with admiration and reverence for ancient Greece, 
and show plainly that it was not merely a credulous repetition of tra- 
ditional medical dogmas, but that there was already a scientifically 
and artistically formed art of healing. 

In the Hippocratic school the art of healing formed a complete 
whole ; medicine and surgery were united ; but the medical practi- 
tioners were divided into various classes. Besides the ^^sculapians 
there were others, educated physicians as well as the apprenticed 
medical assistants, gymnasts, quacks, and miracle-mongers; the 
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phjiicuuis took pupils to instract in their art; and from some 
abeenrations of Xenophon, we learn that there were already army- 
fforgeons, especially in the Persian wars ; they had, together with 
the foothsayers and flote-players, their position in the neighbonr- 
kood of the royal tent. It is natural that special attention would be 
paid to external injuries at a time when so much was thought of 
eorporeal beaofy as among the Greeks ; consequently, the study of 
fractures and dislocations was particularly cultivated among Hippo- 
cratic physicians ; while^ at the same time, we have accounts of 
many difficult operations, and of a great number of instruments and 
other apparatus. As r^ards amputations they certainly seem to 
kaTc been very backward ; probably most of the Greeks would sooner 
have died than have prolonged life in a mutilated condition ; only 
when the limb was already dead, '^ gangrenous,^' was it removed. 

At that time the doctrines of Hippocrates could not become 
further developed, as increased knowledge of anatomy and physiology 
was necessary; there certainly was a weak attempt in this direction 
in the leamkl school of Alexandria, which flourished for some cen- 
turies under the Ptolemies, and through which, after the victories of 
Alexander the Great, the Grecian spirit spread, even though but for 
a time, into a part at least of the East ; the Alexandrian physicians 
in the meantime soon lost themselves in philosophical systems, and 
only slightly promoted the progress of the healing art by original 
anatomical observations. In this school the art was first divided 
into three separate parts, dietetics, internal medicine, and surgery. 
With Grecian refinement the Grecian healing art came also to Rome; 
the first Boman physicians were Greek slaves ; the freedmen were 
permitted to erect baths, and to practise their art in the public 
baths ; here for the first time barbers and bathers appear as our 
rivals and colleagues, and this association was long injurious to the 
medical status in Rome. It was only gradually that the philoso- 
phically educated possessed themselves of the writings of Hippocrates 
and the Alexandrians, and then practised the healing art them- 
selves, without however adding anything of importance to it. The 
great want of original scientific production is shown in the ency- 
dopsedical reproduction of the most varied scientific works. The 
most celebrated work of this kind is the " De Artibus'' of Aulus 
Cornelius Celsus (from 25 — 30 B.C. to a.d. 45 — ^50 in the reigns of 
the emperors Tiberius and Claudius) ; eight books of this, '' De 
If edicin&,'' have come down to our time, from which we have 
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learnt to know the condition of medicine and surger; at that time. 
Valuable, however, as are these relics of ancient Rome, they only, 
Bs slteady mentioned, place a compendium before us such as is 
often written at the present day ; it has even been contended that 
Celaus never practised as a physician ; this, however, is very impro- 
bable ; at any rate, we must allow Celsus to be judged from the 
character of his writings, and the seventh and eighth books, which 
treat of surgery, conid hardly have been so clearly written by any 
one who understood nothing of his subject practically. From them 
we see that surgery, especially the operative part of it, had made no 
inconsiderable progress since the time of Hippocrates and the 
Aiesandrians. Even at this time Celsus speaks of plastic operations 
and of the herniee, and describes a method of amputating, which is 
etill occasionally practised. One paragraph in the seventh book, in 
which he describes the quaUfications of a perfect sargeon, has 
become very celebrated, and as it is characteristic of the thoroughly 
sound spirit which reigns throughout the book, I will give it to youi 
Siee anlum chirvrgus deief. adoU»cen», aul certe adoletcatlia 
strenua, ttabili, nee nnquavi itttrsmw-ente, eaque nen 
'.U» dfxfra aa stnulra profBptus, ae'ie oeulorum iicri elara^ue, 
intrepidM, immuericer*, »fc, ut lanari velit eutit, quern 
non tit alamort ejvi mollis Del magit, quatn res iletiilerai, 
•gt, Del minut, qiiam iiei'fite e»t ; »eeH : perinde facial omnia, 
ai nullux ex vagitibua alter'tax adfeelus orirelnr." 
The surgical instruments found in Pompeii, which was destroyed 
few decades after Celsus, demonstrate that the mechanical improve- 
ment in these operating implements was already at that time consi- 
derably developed ; the forceps, nippers, knives, scissors, specula, 
catheters, &c., which have been preserved in the museum at Naples, 
ir<: very neatly made of bronze, and are very suitable for their 
'eral purposes. It made a peculiar impression upon me, when I 
lW before me this two thousand year old surgical armamentariuia 
a Bomnn colleague, diifering hnt slightly in the form of the 
lore ordinary instruments from those of our time. Jrt longa, 
ita irevh ! 

of the most brilliant among the Roman physicians we 

lOst reckon Claudius Galenus (a.D. 131 — aoi); eighty-three 

idottbtedly genuine writings of his have come down to us. tialeu 

lin returned to the principles of Hippocrates, inasmuch as he 

irodaimed observation to be the basis of the healing art; he also 
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promoted the advance of anatomy ver^ considerably : be moatly 
naed the bodies of apes for dissection and examiuatioiij more rarely 
human bodies, Galen's anatomy, and the wliole philosophical 
system to which he reduced medicine, and which at length E^tood 
higher with him than observation itself, were accepted as alone cor- 
rect for over a thousand years. His importance in the history of 
medicine is immense. Surgery in particular be advanced but little, 
indeed he practised it but little, as in his time there w 
surgeons, partly gymnasts, partly bathers and barbers, among whom 
surgery was principally handed down by tradition according to the 
lules of their craft, wiiile internal medicine was then and continued 
for a long time in the hands of the philosophically educated physi- 
cians who were acquainted with and indeed coipmented on the 
' surgical writings of Hippocrates, of the Alexandrians, aud of 
Celsus, though they occupied themselves but little with surgical 
practice. 

As this is only a superficial sketch, we may now pass over 
several hundred or even a thousand years, during which time 
surgery hardly made any progress and to a certain extent even 
Tetrograded. The Byzantine period of the empire was especially- 
unfavourable to the development of the sciences, there was merely a 
brief revival of the Alexandrian school. Even the most celebrated 
physicians of the later lioman period, as Autyllus (in the third 
century), Oribasius (a.d. 326 — 403), Alexander of Tralles 
(a.d, 515 — 6oj), Paulus of /Egina {660) accomplished com- 
paratively little for surgery. Much had been done for improving 
the position and scholastic education of physicians : there was a 
Gymnasium under Nero, an Atheneeum under Uadrian, scientific 
institutions in which medicine also was taught, and n special Schota 
Meilicomm under Trajan. 

Military medical service was maintained among the Romans, there 
were also special eourt-physictaiis " archiatri palatini " with the 
title " Perfectissimus," " Etjues " or Comes Archiatrorum," as in 
our time the Germans have Ilofriithe, Gcheimruthe, Leibiinte, 
Ordensritter, &c. We have to thank the Arabians that medicine 
did not quite degeuerate with the decline of science in the Byznntine 
empire. The immense elevation altainrd by this nation under 
Mahomed after the year 608, contributed to the preservation of 
science. Through the .Mexandrian Hchool and its branches in the 
Orient, the schools of the Nestorianv, i^ 



HESTORIOAL EBMAKKS. 9 

with its later improvements reached the Arabians. They cultivated 
it and brought it^ though in a somewhat altered form across Spain 
into Europe again^ until their power was finally destroyed by Charles 
Martel. • 

Among the most celebrated Arabian physicians whose writings 
have been preserved to us^ as well as being of the most consequence 
for surgery, are Ehazes (850 — Q3a), Avicenna (980 — 1037), 
Abulcasem ( x 1106), and Avenzoar ( x 1162) ; the writings of the 
two latter are of most importance for surgery. Operative surgery 
suffered considerably from the aversion of the Arabians to shedding 
bloody which was partly founded on the precepts of the Koran. Instead 
of the knife the actual cautery was employed to an extent which to 
us seems hardly credible. The distinctions between surgical diseases 
became more defined and the certainty of diagnosis improved con- 
siderably. Scientific institutions were already much cultivated by 
the Arabians; the most celebrated being the School of Cordova; 
in many places there were also public hospitals. The education of 
physicians was no longer chiefly a private affair^ but most medical 
pupils had to complete their education at scientific institutions. 
This also exercised an influence on the western nations ; next to 
Spain, Italy was the chief place where the sciences were cultivated* 
In South-Italy arose a very celebrated medical school, that of 
Salerno, in the lovely city so beautifully situated to the south of 
Naples in the Gulf of Salerno ; it was probably founded by Charles 
the Oreat in 802, and stood at the height of its glory somewhere 
about the twelfth century ; according to the most recent researches 
this was no monastic school, but all the teachers were laymen ; there 
were also lady-teachers who took an active part in Uterature ; the 
best known of these is Trotula. There was little or no original 
research, but the writings of the ancients were followed. 

This school is also interesting from the fact that it is the first 
corporation we find having the right to grant the titles of " Doctor '* 
and '' Magister.'' — Emperors and Kings began to take more aud 
more interest in science and founded universities. In Naples in 
1224, in P^s 1205, in Salamanca 1243, in P^via and Padua 1250,^ 
and in Prague in 1348, universities were established and the right 
of conferring academical degrees granted to them. Philosophy was^ 
the science most in vogue and medicine retained for a long time her 
philosophical garb at the universities ; at one time Galen's system 
was followed^ at another the Arabian, at another the modem 
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medico-philosophical^ and all observations were recorded according 
to these systems. This was the chief obstacle to the progress of 
the natural sciences^ a species of mental shackle, from which even 
the most noted men conld noi^holly divest themselves. 

The anatomy composed by Mondino de Luzzi in 13 14 is but 
little different from that of Gtden, in spite of the author's relying 
upon the dissection of human bodies. 

As regards surgery no real advance had been made. Lanfranchi 
(x 1300), Gtddo of Cauliaco (in the beginning of the fourteenth 
century), Branca (about the middle of the fifteenth century) are a 
few noteworthy names of celebrated surgeons of that time. 

Before turning our attention to the flourishing condition of the 
natural sciences and of medicine in the sixteenth century, we must 
take a brief survey of the mode of classification of medical men in 
their respective positions in the times of which we speak, as this is 
important for its history. 

In the first place there were philosophically educated physicians, 
partly laymen and partly monks, who taught medicine at the 
universities and other learned schools, that is, they commented on 
the writings of antiquity on anatomy and surgery as well as on 
special medicine ; these men certainly practised but had little to do 
with surgery. — A further seat of the sciences was in the cloisters ; 
the Benedictines particularly paid a great deal of attention to 
medicine and also practised surgery, although the superiors disliked 
seeing it, and occasionally a special dispensation for an operation 
had to be applied for. The regular practising physicians were 
partly resident and partly travelling. The former as a rule had 
been educated at scientific schools and only obtained the right to 
practise on certain conditions. 

The emperor Frederick II, in 12^4, introduced a law by which 
these physicians were obliged to study logic (i. e., philosophy and 
philology) for three years, medicine and surgery for five years, and 
finally had to practise for some time under the supervision of an 
older physician, before obtaining the right to practice on their own 
account ; or as an examiner lately remarked of the physicians who 
had just graduated, "before being let loose on the public.'* 
Besides these resident physicians, of whom a great part were either 
doctor or magister, there was a large number of " travelling physi- 
cians/' a kind of " travelling student," who exercised their calling 
for money, travelling from one market to another in a cart in 
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company with :i dovn or merrj-andrew. This species of so-called 
charlatans, who played an important role in the dramatic poetry of 
I the middle ages, and evea at the present day is greeted on the stage 
I with uproarious applause by the public, led a wretched existence at 
that time; they were looked upon as dishonorable, like the pipers, 
jugglers, and pubhc executioners. E^en nowthese charlatans are not 
quite estinct, althougli in the igth century it is not at the fairs 
that they follow their occupation, but in the drawing- rooms as 
miracle- mongers, especially as cancer- doctors, herbalists, somnam- 
bulists, &c. 

"f we inquire as to the relation between this mixed company 
I and those who practised surgery, we shall find that this branch 
1 of medicine was occasionally practised by almost all of them; 
there were, however, physicians practising surgery ia particular, 
who associated themselves into guilds, and formed honorable civic 
corporations. These first received tiieir practical knowledge from a 
master to whom they were apprenticed, and later partly from books 
and partly at scientific institutions. These persons had the pria- 
cipa! share of operative surgical practice in their hands ; tliey were 
mostly resident, but some of them travelled about as herniotomists, 
lithotomists, and oculists. Later we shall become acquainted with 
Bome first-rate men among these old masters of our art. Besides 
these, the batliere, and at a later period the barbers, as with 
I ihe Romans, practised surgery and were legally empowered to prac- 
I "minor surgery;" i.e., they might cup or bleed, and treat 
fractures and dislocations. Among the different grades of physi- 
cians disputes naturally arose as to their various privileges, which 
were hardly ever accurately defined ; this was particularly so in the 
large cities, where all descriptions of doctors were estabUshed. It was 
[ especially the case in Paris. The surgical guild there, the " College 
I of St. Come," wanted equal rights with the associates of the medical 
I faculty, more especially they aspired to the baccalaureate and licen- 
I tiale. The " Corporation of Barbers and Bathers" again wanted to 
practise surgery in all its branches, just as the fellows of the College 
\ of St. Cftme. In order to annoy these latter, that is the surgeons, the 
j aaaociates of the faculty supported the wishes of the Barbers, and in 
spite of occasional mutual compromises the disputes continued, one 
, may even say, that they still continue, wherever there are chiTUTgi 
\ jMTt (surgeons of the first class and barbers) and medkipnri. It 
1 is only about ten years since this class distinction has been abolished 
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I in all German states by granting degrees neither to cAirvTffi pvri 
nor to mediei puri, but to physicians who practise medic 
surgery and midwifery simultaneously. In conclusion, as to the 
external rank of physicians, we would remark that iu England alone 
there still exists a tolerably defiued line of demarcation between 
Burgeons and physicians, chiefly in the cities, while in the country 
the " general practitioner" practises surgery and medicine together, 
and at the same time keeps an apothecary's shop. 

In Germany, Switzerland, and in France, it often happens that, 
owing to circumstances, a physician practises more surgery than 
medicine ; the male portion of the medical staff, however, consists 
legally only of physicians and their assistants, or barber- surgeons, 
who, on passing the legal examination, are licensed to cup, bleed, 
&c. This regulation has been finally adopted in the organization of 
the army, in which the so-called company^ surgeon with the rank of 
sergeant-major, formerly had a miserable position under the battalion 
and regimental physicians. Quite recently perfect freedom iu medical 
practice has been established in the German empire ; that is, every- 
one who likes may give medical advice and take payment for it; 
tliose who have passed the state -examination alone fa^vc the right 
to the title of " medical practitioner " (praktischer arzt) ; the sick 
public is now at liberty to choose whether it will consult the one or 
the other. 

If we now resume the thread of the historical development of 
surgery, we must, as we now enter upon the period of the 
I " Bienaissance " in the sixteenth century, before all things remember 
the great advance wiiich was then accomplished in nearly all the 
Boiencea and arts by means of the reformation, of the invention of 
printing and of the awakening genius of criticism in educated 
CDuntries. The observation of nature began again to assert its 
rightful position and to free itself, though but slowly and gradually, 
from the fetters of scholasticism. The search after truth again 
assumed its right lo be regarded as the rssential nature of science ! 
The Bippocratic spirit was re-awakened. Above all things it was 
the revival, we may almost sny the re-discovery of iinatomy and 
the subsequent continually progresrive development of that science, 
which levelled the ^'round. 

Ve'sal (1513 — '584), F.nliopifl [i_'^^^2—J;fiz), and fiustachio 
(x 'j79) became (lie founder? uf iiuxltTn utiiiliimy ; llitir tmmes, 
many other!", . t i ; 
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different parts of the body. The sceptically critical attitude which 
was assumed towards the prevailing Galenical and Arabian systems 
was chiefly owing to the celebrated Bombastus Theophrastus 
Paracelsus (1493 — 1554), and observation was recognised by him as 
the chief source of medical knowledge. When, at length, William 
Harvey (1578 — 1658), discovered the circulation of the blood and 
Aseli (1581 — 1626) the lymphatic vessels, the old anatomy and 
physiology had to give way completely and to make room for modern 
science, which thenceforth steadily progressed down to our own 
time. It was a long time, however, before practical medicine could 
free itself in a similar manner from the constraint of philosophy. 
Systems were raised upon systems ; and the theories of medicine 
were again and again varied to suit each prevailing fashion of 
philosophy. We may say, that it is only since the great advance 
of pathological anatomy in the present century that practical 
medicine has obtained a firm anatomico-physiological basis, on which 
it now almost entirely moves, and which forms a powerful pro- 
tection against all philosophical medical systems. But with this 
anatomical direction there are the dangers of exaggeration and 
one-sidedness. Later we shall have to speak of this occasionally. 

We will no^ give our exclusive attention to the scientific deve- 
lopment of surgery from the sixteenth century down to our 
own time. 

It is ain interesting feature of that time that the advancement 
of practical surgery proceeded more especially from the incorporated 
surgeons, and less from the learned professors of surgery at the 
universities. German surgeons had mostly to get their knowledge 
at foreign universities, but some part of it that they worked out 
was entirely original; Heinrich von Pfolsprundt, a member of a 
German ecclesiastical order (born at the beginning of the fifteenth 
century), Hieronymus Brunschwig (bom 1430 at Strassburg, of 
the race of Salern), Hans von Gersdorf (about 1520), and Felix 
Wiirtz (x 1576), surgeon at Basel, are the first of any note; we 
possess writings of all of them ; Felix Wiirtz appears to me to be 
the most original of them, he had]^a keen critical mind. Of greater 
attainments were Fabry von Hilden (i 560-1 634), a physician at 
Berne, and Gottfried Purman (1674-1679), surgeon in Hal- 
berstadt and Breslau. These men, whose writings show a high 
scientific inspiration, fully understood the value and the absolute 
necessity of accurate anatomical knowledge, and promoted it to the 
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. .....i^f ::ji:ruction to 

, >.^vvi .1 juui seventeenth 

. . > .*--%:5::»out. Originally 

> ^•-•..i- s^Tvicos, admitted to 

V . . A . %. c't v»r' St. Come ; he was 

. ^^v ., oiun had to take long 

,.x... i o rlnally resided in Paris. 

.... *.v^ lor that time a very keen 

.s\-^ ^ .d^iUir reference to the chaotic 

^ -..x. N* » c of his treatises on the treatment 

^ . . \Av.i- vv\ art* thoroughly classical; by the 

• ^.. , X U'l bleeding vessels in amputations he 

.,,•,• T'tie may be placed as the reformer of 

, , vi .' \ e>al. the reformer of anatomy. 

»^ '!Mi we have named, including those of others 

^.v•Ul an inlluential position in the seventeenth 

^ u I he eighteenth do we find any fresh advances of 

I '.%• voutest between the members of the faculty and 

. . \ ^''^U",^*' de St. Come still continued in Paris, the most 

., >u*ii\ uliiuls* of the latter accomplishing far more than the 

V xv«* ol the I'aeulty of surgery. This was at length practically 

\s. .x;.vd »» l*»*' >ear 1731 by the foundation of an "Academy of 

, ^/n" \\\ every respect equal to the medical faculty. This 

»n.uiui»*»»» »»'«>» attained such a height, that for nearly a century 

itu» whole hUiKery of Kuropc was regulated by it; nor was this an 

j.iilatril ea«e, but was a part of the general French influence, of that 

iiiuxei'Mil inlelleetual dominion which at that time French science 

and »nL hail destTvedly acciuired by the eminent services it had 

roiuli'i'eil* 

The iiM^n, who at that time stood at the head of the movement in 

hur^ieal heienee, were Jean Louis Petit (1674 — 1766), Pierre Jos. 

Dmiult (17^4—1795), Pierre Prangois Percy (1754— 1825), and 

iiiuii)' «»therH in t'rance. In Italy, Scarpa (1748 — 1832) did more 

tluiii liny one else. Already in the seventeenth century sur'i;ery 

waH etJUhiderably developed in England, and in the eighteenth 

Oiiitiiry attained great eminence under Percival Pott (17 13 — 1768), 

William and John JIunter (1728— 1793), Benjamin Bell (1749 — 

180O), William Chescldcn (1688 — 1752), Alex. Monro (1696 — 

1 767) and others. Among these John Hunter was the greatest 
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genias, equally celebrated as an anatomist and as a surgeon ; his- 
work on inflammation and wounds still forms much of the ground- 
work of our present views on those subjects. Compared with the 
lustre of these names^ those of German surgeons of the eighteenth 
century must modestly retire into the background^ honest and 
earnest as were their efforts. Lorenz Heister (1683 — 1758), Joh. 
Ubrich Bilguer (1720 — 1796), Chr. Ant. Theden (1719 — 1797) 
are relatively the most important German surgeons of that time. 
Greater progress in Grerman surgery was first made with the com- 
mencement of the present century. Carl Casp. v. Siebold (1736- 
— 1807) and August Gottlob Eichter (1742 — 1812) were distb- 
guished men ; the former was professor of surgery in Wlirzburg, 
the latter in Gottingen; of the writings of Bichter some have^ 
retained their value to the present day, particularly his little book 
on ruptures. 

Here on the threshold of our century, you again see professors 
of surgery occupying a foremost place, and henceforward they 
maintain their position, because they really exercised their pro- 
fession practically. A predecessor of old Itichter in the professorial 
chair of surgery at Gottingen, the celebrated Albert Haller (1708 — 
1777), at once physiologist and poet, one of the last encyclo- 
paedists, says: ^^ £Ui chirurgia cathedra per seplemdecem annos 
mihi concrediia fuit, eisi in cadaveribus difficillimas adminis' 
trationes, chirurgicas frequenter ostendi, non tamen unquam vivum 
hominem incidere stistinui, nimia ne nocerem verittis" We can 
hardly imagine this, so immense is the revolution that the short 
space of a hundred years brings with it. 

Even at the commencement of our century the French surgeons 
still remained at the helm. Boyer (1757 — 1833), Delpech (1777 — 
1832), but particularly Dupuytren (1777 — 1835) and Jean 
Dominique Larey (1776 — 1842), exercised an almost unlimited, 
but, at the same time, enlightened absolutism in their art. Beside 
them arose in England the unassailable authority of Sir Astley 
Cooper (1768 — 1 841 ) . Larey, the constant companion of 
Napoleon I, left a large number of works ; at some future time you 
will read his memoirs with great interest. Dupuytren did most 
service by his highly intellectual and sound clinical lectures. 
Cooper's monographs and lectures will fill you with admiration. 
Translations of the writings of the French and English surgeons we 
have mentioned had the immediate effect of stirring up German 



16 INTEODUOTION. 

surgery; and very shortly there appeared original work of the 
most thorough character on this subject. The men who gave life 
to this national resurrection of German surgery were^ among others^ 
Vincent von Kern, in Vienna {1760 — 1829), J^^* ^^P* ^^^^ ^^ 
Berlin (1775—1840), Philipp von Walther (1782 — 1849) ^^ 
Municls Carl Ferd. von Graefe (1787 — 1840) in Berlin, Conr. 
Joh. Martin Langenbeck (1776 — 1850) in Gottingen, Joh. 
Friedrich Dieffenbach {1795 — 1847), and Cajetan von Textor in 
Wiirzburg (1782— 1860). 

The nearer we approach the middle of the present century, the 
more do the rugged boundaries of nationalities disappear &om the 
domains of surgery. With increased means of communication, 
every scientific advance is spread over the whole civilized world 
with a speed that could never have been anticipated. Numberless 
journals, national and international congresses, individual inter- 
course of the most varied kind, have brought about an active 
interchange of ideas of surgeons with each other. The schools, 
which in the older and narrower sense of the word were attached to 
certain prominent men or groups of such men at some particular 
locality, are at an end. It appears as if a generation of surgeons, 
on whose great services we of the present time look with respect, 
were just dying out. I mean men like Stanley (1791 — 1862), 
Lawrence (1783 — 1867), Brodie (1783 — 1862), Syme (1799 — 
1870) in Great Britain; £oux (1780 — 1854), Bonnet (1809 — 
1858), Leroy (1798 — 1861), Malgaigne (1806 — 1865), Civiale 
(ti867), Jobert(i799 — 1868), Velpeau (1795 — 1867) in France ; 
Seutin (1793 — 1862) in Belgium; Valentine Mott (1785 — 1865) 
in America; Wutzer (1789 — 1863), Schuh (1804 — 1865), Franz 
von Pitha (1810 — 1875)) and others, in Grermany! And from 
our own generation also we have to mourn over some bitter losses, 
beyond all others the irreparable death of the highly-gifted and inde- 
fatigable investigator 0. Weber (1827 — 1867), of the eminent 
Follin, one of the soundest of modem French surgeons (11867), 
of Middeldorpf (1824 — 1868), the celebrated inventor of galvano- 
oaustic operations! Among the living there are still many who 
might be mentioned, on whose shoulders rests the present generation 
of German surgeons ; but as it is hardly agreeable to any one to 
become historical during his lifetime, I forbear to quote any more 
names! 

Ontf important event however in the modern history of surgery I 
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most not leave unmentioned^ that is^ the introduction of remedies 
to allay pain. The nineteenth century may well be proud of the 
discovery of sulphuric ether and chloroform^ which may be prac- 
tically employed as anae^etics in all kinds of operations. The 
first communication came from Boston in the year 1846^ to the 
effect that a dentist named Morton had been induced by his friend 
Dr. Jackson to employ inhalations of sulphuric ether for the pro- 
duction of complete anaesthesia during the extraction of teeth^ and 
with the most brilliant result. In 1849 ^^^ ^^^ more effectual 
chloroform was introduced into surgical practice^ in place of the 
ether, by Simpson^ late professor of midwifery in the University of 
Edinburgh (181 1 — 1870), and, notwithstanding many and various 
experiments with other similar materials, chloroform still holds its 
ground to the present time, beyond the most sanguine anticipations. 
Thanks ! a thousand thanks to these men, in the name of suffering 
humanity. 

With regard to my former observations respecting German surgery, 
I will in conclusion only add that it now stands in a position at 
least equal to that of other nations. It is nevertheless clearly 
desirable that every physician should enlarge his experience and 
observation in other countries. From a practical point of view, 
England, America, and Germany, seem to me to be of greater 
importance for surgery than any other countries. From the time 
of Hunter to the present time English surgery has had something 
of grandeur and style about it. The surgery of the nineteenth 
century in Germany owes its greatest rise to the circumstance that 
it has endeavoured to unite all medical knowledge in itself on the 
basis of a sound anatomical and physiological foundation ; the sur- 
geon who succeeds in this, and in addition also masters completely 
the entire mechanical part of surgery, may boast that he has reached 
the highest ideal point in the whole of medicine. 

Before we enter upon our subject I will premise a few remarks 
on the study of surgery as at present it is or ought to be carried on 
in our universities. 

If we retain the four years usually allowed for the study of medi- 
cine in German universities, I would advise you not to begin surgery 
before the fifth half year's session. There is very frequently an effort 
among you to endeavour to get over the preparatory lectures as soon 
as possible, in order to get quickly to the practical part. Thip is 
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eertainly somewhat less the case since in most of the high schools 
courses have been established on anatomy, microscopy^ physiology, 
chemistry, &c., in which you are practically occupied ; never- 
theless, there is always over-eagerness to enter the clinical wards. It 
is, in truth, one way of gaining a certain amount of experience from 
the very conmiencement, and it appears much more interesting than 
worrying yourself with things whose connection with practice you 
cannot as yet rightly comprehend. But you forget that a certain 
amount of practice in the school of observation has to be gone 
through before you can extract the really useful from your experiences. 
If any one just released from the control of school were at once to 
enter a hospital as a student, he would in this novel situation be 
like a child entering the world to collect experience for life. Of 
what good is the experience of the child in respect to its future 
worldly wisdom, and to teach it the art to live among men ? How 
late it is before we find the true value of the most ordinary ob- 
servations of our daily life. And in the same way it would be very 
slow and tedious to work empirically through the whole development 
f)f medicine, and only a very gifted, restlessly energetic man could 
cio any good in this way, after having passed through the most 
varied phases of error. We must not rate "experience'' and 
" observation" too highly, if by them we understand no more than 
the laity ; it is an art, a talent, a science, to observe critically, and 
io draw from these observations correct conclusions as our expe- 
riences ; this is the strong point of empiricism. The public only 
recognises experience in the vulgar, not in the scientific sense, and 
values the experience and observation of an old shepherd as highly 
as, sometimes even higher than, that of a physician. But enough ; 
if a physician or any one else parades his experience and observations 
before you, just notice what kind of intellect is possessed by the 
narrator. In making this attack upon natural empiricism I do not 
mean to assert that you must necessarily get a perfect theoretical 
knowledge of medicine in its entirety before commencing practice, 
l^nt you must bring with you into the wards of the hospital an 
mtelligent acquaintance with the fundamental principles of the 
scientific investigation of pathological processes. It is absolutely 
necessary that you should have a general idea of what you are to 
expect at the bedside; you must also be acquainted with your 
implements before seeing them used or handling them yourself. In 
•ther words, you must know the outlines of general pathology, the- 
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npentics, and materia tnedica, before commencing yonr bedside 
stnd^of patients. General anrgery is but a division of general 
pathology, and should therefore be studied before attending clinical 
surgery. At the same time jou must, if possible, get a clear insight 
into noraial histology, at least the general part of it, and you 
should study pathological anatomy and histology, together with 
general surgery, acme time during the liftli session. 

General surgery, which we are about to discuss in these lectures, 
is, aa already mentioned, a part of general pathology, but stands in 
a far nearer relationship to practice than the latter. It is the 
doctrine of wounds, inflammations, and tumours of the exterior of 
the body and of those parts that are treated externally. Special or 
anatomico -topographical surgery has to do with the surgical diseases 
of the different parts of the body, at the same lime taking into 
coiisidemtion the most varied tissues and organs according lo their 
locality. While, for instance, we only speak here of wounds in 
general, of their mode of healing, and of their general treatment, in 
special surgery we discuss wounds of the head, chest, and abdomen, 
and we then have especially to attend to the simultaneous participa- 
tion in the injury of the skin, the bones, and the viscera. Were it 
possible to pursue one's surgical studies for many years at one of 
the larger hospitals, and at tlie same time to combine witli them an 
Dccnralii clinical examination of each individual case together with 
persevering study at home, it might, perhaps be unnecessary tu treat 
of special surgery systematically in lectures delivered for the 
purpose. But as there is a considerable number of surgical diseases 
which even in the largest hospitals are never seen in the course of 
maoy years, a knowledge of which, however, is absolutely necessary 
to the physician, lectures on special surgery are by no means 
niperfluons when they are brief and concise. One often bears it 
tud, ^Vhy should I hear lertures on special surgery and pathology ? 
1 can read them up far more comfortably in my own room ! That may 
be the case certainly, bat unfortunately it is only too seldom done, 
or not until the final sessions, when the examination threatens. 
This reasoning is also in other respects false ; the viva i-ox of the 
tenchflr, as old Langeobeck iu Gottingen used to say (and he bad, 
in truth, a viva vox in the highest signification of the word), the 
winged words of the teacher always are, or at least ought to be, 
more impressive and effectually stimulating than what we read ; and 
what mnflt render lectures on practical surgery and medicine part- 
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cularly valuable for you are the demonat rations of diagrama, 
preparations, experiments, &c., which accompany thera. I set the 
greatest value on demonstrations in connection with medical 
instroction, as T well know from ray own experience that this kind 
of instruction is the most stimulating to the attention and tlie 
most permanent. Besides these lectures on general and special 
surgery you will have to go tlirough the operative course on the 
dead body ; this can be put oft' to the final sessions. I always 
liked students to take this surgical operative course in the sixth or 
seventh session at the same time as the special surgery, so that I 
could give them opportunities of perfonuiug some operations, 
occasionally amputations, in the hospital, under my superintendence. 
It gives confidence in your future practice if you Lave already 
performed operations on the living subject during the period you 
were engaged in study. 

It is a great advantage in the smaller universities that there the 
teacher may become well acquainted with every pupil and know what 
he can trust to the skill of any one individual. This is uufortuuateiy 
impracticable in the larger hospitals on account of the circumstance 
of their size. Avoid the large universities, therefore, at the c 
mencement of your clinical studies. Attend Ihem rather in tlie 
later period of your apprenticeship, and wben you are already in 
practice return later from time to time and spend a few weeks in 
them. 

After hearing general surgery you commence attendance in the 
surgical wards of the hospital, in order that in the seventh and 
eighth sessions you may as a practitioner publicly give an account to 
yourself of your knowledge in special cases and accustom yourself to 
concentrate your knowledge rapidly, to learn to distinguish the 
important from the unimportant, and, above all, to learn how to 
&pply it in practice. By tliis means you will be enabled to recognise 
the fiaws in your knowledge, and by persevering industry at home 
be able to 611 in the gaps. If you have in this manner got through 
the legal period of study, passed the examinations and enlarged 
your medical horizon for a few months or a year at various targe 
hospitals either at home or abroad, you will then be so far educated 
that yon will be able to form a correct judgment of surgical cases 
occurring in practice. If, however, you wish to qualify yourself as 
n special surgeon and operator you are still far from yonr "^l 
you must then repeatedly practise operating wp t 
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as assistant for from two to four years in the surgical wards of a 
hospital^ study surgical monographs indefatigably, write out cases 
industriously^ &c. ; in shorty go through the whole of the practical 
course from the very beginning. You must also thoroughly under- 
stand the hospital service and the duties of the nurses ; in fact^ 
you must practically learn everything, even the most insignificant 
things^ that in any way pertain to the patients^ and even learn to be 
able to do them yourself occasionally, so that you may obtain a 
complete command over the medical staff entrusted to you. You 
see that there is much to be done, much to be learnt, but with 
perseverance and industry you will accomplish it all. Perseverance 
and industry, however, are necessary for the study of medicine. 
"Student" is derived from *'to study,'* and you must study 
diligently. The teacher will call your attention to what he considers 
the most necessary; he may stimulate your energies in various 
directions ; the positive that he gives you, you can take home in 
black and white, but in order that that positive may quicken and 
bear fruit in you, that it may become your own intellectual property, 
that you can only bring to pass by your own mental work ; this 
mental work is the true study. 

If you simply maintain an attitude of passive receptivity you may 
certainly gradually acquire the reputation of being a very learned 
man, but unless you have the power of reproducing and giving life 
to your knowledge you will never make a good ^'medical prac- 
titioner.^' Let what you observe penetrate your inmost soul, let it 
so warm and replenish you that your thoughts constantly refer to 
it, and then you will find true pleasure and delight in your intel- 
lectual labours. How strikingly Goethe observes in a letter to 
Schiller, " Pleasure, delight, interest in things, these are the only 
jrealities ; all else is vanity and disappointment.'' ' 



LECTURE II. 
CHAFFEE I. 

HIMPLE INCISED WOUNDS OF THE SOFT PAKTS. 

M/A^i of (ni^n and apj^earafi/ce of iheie wounds. — Various fonns of 
im/;'ued wi/umd$* — SympUms during and immediately after ike 
oH of wounding : pain, AamorrAage. — Different kindi of 4tf- 
nu/rrkuge : arterial, venom. — Entrance of air through woumdi in 
teifU. — ParenchymaUme hamcrrhage. — Htemorrhagie diaikeeie. 
— Ihrnurrrhage from the pharynx and rectum. — General eamMt' 
finencee of severe hemorrhage, 

Thk proper treatmeut of wounds is to be r^arded as the first 
tfid most requisite qualification for the surgeon^ not merely (m 
accouDt of the extreme frequency of their occurrence^ but alsa 
because in o[>erating we so often purposely make wounds^ and not 
rarely under circumstances in which the operation is for a complaint 
that cjtii hardly be considered dangerous to life. We are therefore 
so far responsible for the healing of wounds^ as^ according to expe- 
rienci! in general^ we are enabled to form a judgment as to the danger 
of an injury. We will now commence with the discussion of 
incised wountls. 

Injuries produced by strokes with sharp knives^ scissors^ sabres, 
rapiers or axes, present the characters of clean-cut wounds. Such 
wounds are mostly known by their sharply defined regular edges, in 
which wc see the smooth-cut surfaces of the unaltered tissues* 
Should the above-named instruments be blunt, they may still cause 
tolerably clean incised wounds, if the blow was given rapidly, whilst 
if slowly, the penetration of the tissues would give the cut edges a 
rough contused appearance ; occasionally the kind of injury only 
becomes ap])arent during the process of healing, for wounds caused 
by the rapid movement of a sharp instrument heal more easily and 
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ickly, for reasons to be hereafter stated, thun those caused by a 
, slowly penetrating knife, scissors, sword, or socb-hke instiu* 
It is but rarely that a completely blunt body causes > 
uid Imving the same characters as an incised wound. This may 
I from the skin sphtting from the force of a blunt body, 
particularly such portions of it as lie close to the bone. You will 
not tmfrequently observe, for instance, that acalp-wouiida have 
quite the appearance of incised wounds, though caused by a blow 
from a blunt body, or from striking the head against a stone or 
beam, or something of that kind. Similar clean-cut lacerated 
wounds of the skin occur on the hand, chietly on its palmar surface. 
Sharp edges of bone may also divide the skin from within outwards, 
making it look as if it had been cut, as, for instance, when any one 
hlJs on the crista tibiie, and the skin is cut through by it from. 
We can easily undexstand, too, that pointed splinters of 
: penetrating the skin may also cause wounds with clean-cut 
Pinally, the point of eiJt of a gunshot wound, that is, 
^the course of the bullet through the part struck, may under 
a circumstances be a sharply defined slit-like aperture. 
L kuowledge of these circumstances is of importance, because 
, may by chance be asked by a judge if a certain wound in 
Bttion was caused in such and such a manner, with this or that 
tiament, and your reply may give a decided turn to the evidence 
k criminsl case. 

t have hitherto considered such wounds only as are caused 

iws or strokes. But by repeated cuts the edges of a wound 

J get a JBgged appearance, and in this manner the conditions for 

E beating be essentially changed ; of such wounds we will say 

uiiig nt present, they must be classed with contused wounds in 

R^rd to their healing and treatment, unless by paring their jagged 

edges they can be artificially converted into simple incised wound&. 

#be direction in which a cutting instrument is held in relation to 

e of the body at t!ie time of its penetration makes on the 

t little dilTercnce, if it be not soslaoting that portions of 

\ parts are cut off in tlic form of more or less thick flaps. 

ie J/ap-moundu, or ilicrd wounds, the breadth of the bridge 

] the half-separated portion with the body is of great 

s it depends upon that whether any circulation of the 

d can still continue in the flap, or whether it has entirely ceased 

RUie severed portion must be regarded as dead. Cuts are the prin- 
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. i|fiil (>iiiii« hf iUf**i4'. flap- wounds^ but they are not oncommonljdae to 
•I h.if hf lurrniufu; ilif-y occur frequentlj on the head, where a too 
yidif id Utif ni ihr, hair may tear away a piece of the scalp. In other 
i.nmt 4 M ffOfUhu (ft th#: Hoft parts may be completely cut out ; we then 
U^¥t. « whuhfi with loss of substance. By penetrating wounds we 
uttt\M9iHttt\ ihffnt: by which one of the three great cavities of the body 
t,f •• jz/ffif' I* Uid open ; they arise most commonly from a stab or a 
tthhi, Hutt tuny \it complicated by injury to the viscera or bones. 
Ilf Ml/! y^/rfu^nX terms longitudinal or diagonal wounds we refer^ as 
Ml*/ U. ffuAWj understood, to the long or transverse axis of the body, 
If^N/l, //f rxtffrriiities. Diagonal or longitudinal wounds of the 
$hHM4\^M, nttrnwuf vessels, or nerves, are naturally such as divide the 
hhfi^ti lu a transverse or longitudinal direction. 

lu n person wounded the symptoms more or less immediately 
$MUMi^A by the act of wounding are pain, haemorrhage, and gaping of 

A« all the tissues, not excepting the epithelial and epidermic, are 
Mti^lifA with sensory nerves, pain is at once caused by the injury. 

'thin pain varies considerably according to the supply of nerves in 
iUt, |#srt injured, and according to the susceptibility of the indi- 
vi/liisl Up the sensation of pain. The fingers, lips, tongue, the 
/i«ri(/hbourhfiod of the nipple, the external genitals, and the anal 
ttyjoiif an; Kxiked upon as the most sensitive parts. The nature of 
Hu- pain fdt from a wound, as for instance of the finger, is probably 
tf$istt\iitr iff each of you from personal experience. 

//»iU of the skin are decidedly the most painful, an injury to the 
mnmi'SfM or sinews is far less so ; injuries of the bones are always 
tMifttttfiy (lainful, as you may convince yourselves by inquiring of 
MUf fiut. who has suffered from a broken bone; and we are 
ihtonufA that when amputations were performed without chloro- 
tftrm the sawing of the bone was the most painful part of the 
o\i*'fiiUott, The intestinal mucous membrane, as we may occasion- 
ally obsfrfve in men and animals, is hardly at all sensitive if 
UnlnUul; and the portio vaginalis uteri is almost insensible to 
f/iiy;bMfii/:ftl and chemical irritants; sometimes even the application 
of iUi^ fti!tiial cautery, which is used to cure certain affections of 
this pari, is not felt by women. 

1 1 MpiM-ars that very few if any sensory nerves are associated with 
ihi! nerves whicli need a specific irritation, such as those of the 
apseial senses. 
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The relation between the sentient tactile nerves of the skin and 
the sensory nerves, if there be any essential difference between 
them, is still an undetermined question. In the nose and tongue 
we certainly have sentient and sensory nerves lying side by side, 
80 that in both organs there may be a sensation of pain as well as 
the special sense belonging to each organ. On cutting through the 
nervus opticus there is perception of light, but no pain to speak of. 
We have no recorded observations as to direct injury of the auditory 
nerve. 

Although the white substance of the brain contains many nerves, 
it is yet without feeling, as may be seen in many severe injuries of 
the head. 

The division of nerves of sensation or of compound nerve-trunks 
is at any rate the most painful of all injuries ; the laceration of the 
dental nerve in tooth extraction is an instance that may be familiar 
to many of you ; the division of thick nerve-trunks must cause 
overpowering pain. 

Sensitiveness to pain seems to vary somewhat in different indi- 
viduals. You must not, however, confuse this with the external 
expressions of pain as shown in various degrees, and with the 
psychical power to stifle these expressions, or at least to retain 
them "within bounds ; this, anyhow, depends on the strength of will 
of the individual as well as on the temperament. Men of active 
temperament express pain, as well as all other sensations, more 
vividly than phlegmatic men. Most men say that the crying out, 
as well as the instinctive firm tension of all the muscles, especially 
of the masticatory muscles, biting or grinding the teeth together^ 
&c., renders the pain more endurable. Personally I have never 
found that it allayed it in any way, and look on it as imagination 
on the part of patients. Strong will in the patient may do much 
to suppress all signs of pain. I have a vivid remembrance of a 
woman in the Gottingen Hospital, at the time I was a student 
there, who had the whole of the upper jaw removed, on account of 
a malignant tumour, without chloroform, during which severe and 
excessively painful operation, in which many branches of the 
nervus trigeminus were cut through, she did not utt^r a sound of 
pain. Women, as a rule, bear pain better and more patiently than 
men. But the exercise of psychical strength required, not un- 
frequently causes subsequent fainting or a high degree of physical 
and psychical relaxation, of longer or shorter duration. I have seen 
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stroDg men, of determined wiU^ who suppressed every indication of 
suffering, though the pain was severe, but soon afterwards dropped 
senseless. But, as I before remarked, I believe that many men feel 
pain far less intensely than others. You will most probably meet 
with people who, without any exercise of an energetic will, show so 
little sign of pain, after painful injuries, that we can only sup- 
pose that they actually feel pain less acutely than other people; 
I have mostly observed this in dull stupid men of lax fibre, in whom 
all the nervous symptoms following the injury were also remark- 
ably slight. Sudden fright occasionally causes temporary anaesthesia; 
timid men, but especially children, may be so stunned by suddenly 
shouting at them, that we are enabled to perform small operations 
quickly, which otherwise they would never have consented to. 

The quicker a wound is made and the sharper the knife^ the less 
k the pain ; so that, in the interest of patients, we lay great stress, 
and rightly too, upon using the knife with certainty and rapidity in 
all small and large operations, particularly in making the incisions 
in the skin. 

The sensation in a wound immediately after an injury is a 
peculiar burning one ; we can hardly call it anything else than the 
feeling of being wounded, smarting. Only when a small or large 
wzTvt is compressed by something or another in the wound, or is 
lacerated or in any way irritated, we get, immediately after the 
injury, severe pains of a truly neuralgic character, which if they do 
no: soon cease spontaneously, must be allayed by removal of the 
I'^xal caus<'3 after careful examination ; or if this cannot be done, 
or > ii:effectual, by the administration of narcotic remedies, other- 
wLv« tL<: patient may get into a highly excitable state, which may 
b^ k^f/t up until it increase to maniacal delirium. At the present 
day iLhaktions of chloroform are universally employed in order to 
avoid pain in operations. The mode of using this remedy^ and the 
prophylaxis and treatment of the dangers caused by chloroform, 
you will learn more quickly in the hospitals, and afterwards 
rem-rttb^r better than if I were to give you a detailed account of it 

In ihe lectures on operative surgery this will be more fully 
dixcwi^'-A ; I will only just mention that recently sulphuric aether 
hajf again come more into use than during the ten previous 
ytatn, during which time the number of deaths from chloroform had 
increased owing to its enormously extended employment. At 
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nt I use exclusively as an aniestlietic a mixture of thtte parte 

clilorofurm witb one part of sulphuric eetUer and one part of 
absolute alcoliol, and I Imve an impression that Ihe nnrcotism 
produced is less dangerous than tliat from chloroform alone. In 
England during the last few jears bichloride of inethyleiie has been 
much used and warmly recommended, particularly by Spencer 
Wells; it IB said (o act as quickly as chloroform and to be less 
dangerou:. Local anccstbetics which are intended to numb pain 
temporarily in the part to be operated upon, as, for instance, by the 
application of a mixture of ice with saltpetre or salt, have generally 
been quickly given up again, or, rather, have never been extensively 
used. More recently these attempts have awakened a more active 
interest, for it seemed as if at length a really efficacious method for 
producing local ansestbesia had been discovered. An English 
physician, iiichardson, has constructed a small apparatus by means 
of which a spray of lether can be blown against the skin, whereby, 
after u time, such an amount of cold is generated at the spot on 
which the spray is directed that it is deprived of all sensation. 
'ii^iter receiving this iether from England I satisfied myself of 
'&« perfection of its action. In fact, in a few seconds the skui 
becomes as white as chalk, and absolutely without sensation lo the 
extent of this whiteness, but this ttfect hardly extends through a 
moderately thick cutis ; and if, without farther consideration, the 
spraying be continued agamst the cut surface uutil this is com- 
pletely aiieesthetised, in consequence of the intense cold we have, on 
the one hand, the misfortune that we can no longer distinguish the 
hard frozen tissues from each other, and, on the other hand, the 
becomes covered with such a coating of ice that it will do 

iger cut. Consequently local aucesthesia, even in this perfected 
form, can only be employed advantageously for patients iu a few 
minor operations. My i'ormer apprehension, that the subsequent 
process of healiug would be essentially interfered with, in con- 
sequence of the application of such intense cold to the tissues, has 

ived to be incorrect. 

For allaying the pain and as a hypnotic immediately after 
hVXt£Dsive injuries and operations there is nothing better IJian a dose 
iBT about one third of a grain of muriate of morphia; the patient is 
id, and though he may not always get sleep be at any rate 
Less pain from his wounds. Morphia can also be used iu the 
of aabcutaneous injections. If witb a very &ue syringe, to 
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#h»/-h » pmntfA lancet-shaped canula is so attached that it can be 

^if^A^y |/»^c^I through the skin, we inject a solution containing one 

«f«rh U^ f^**' third of a grain of muriate of morphia, this produces its 

unf&jM^^ Hfwrt at first locally on the nerves irrigated by it, and 

htf^tt^f^ffi* '^n the brain as the morphia solution becomes absorbed 

iftUp fb^ blriT^. This mode of using morphia has latterly been 

^<i4kf highly commended; such an injection is generally made 

^ifh/'Y t\\ftf^\j before or after an operation, or after an acci- 

t\fut$i\ injinry, usually in the immediate neighbourhood of the 

ir»jrtf^^J ff^^f by which means the pain is at once relieved. Most of 

ih^ *yn««(^ in general use for subcutaneous injection contain 

^Fr/^tif. MU'^n minims^ of fluid; we prescribe for patients, when 

i^fy/ffMni ^n Uf how they are affected by morphia, ten parts of muriate 

#yf rr>/if f^riA Uf a thousand parts of distilled water, and inject a syringe 

fall frt tb^ ii»/;lution ; many individuals require twice this quantity or 

fftM^, m ffftlcj to obtain the desired soothing effect. If we prefer in- 

jA/'^iry^ ^'tily half a syringe full each time, so as not to have to order 

n ff\9^Uffn of the medicine too frequently, we must double the 

f^ffftuUlf fff morphia. In larger quantities than 5 per cent, this 

null hi mfff]}\\h only dissolves in warm water; the injection of large 

ffunuiitif^ of fluid as well as of too concentrated solutions causes 

fmtff Uf patii'nUf, Particular attention must be paid to the cleanli- 

rM'M fttul fmrrJiil washing of the syringes. 

^J!Mif>ft f#rcently hydrate of chloral in doses of 3*00 — 5'cx) grammes 
fin h^lf or a whole glass of water) has been used internally as an 
Hfift,^h**Xic ; itn narcotic effect was discovered by Liebreich in 1869. 
'thfj ^Miori of this remedy is chiefly intensely hypnotic ; it is, how- 
f.ft'f, rnihcj uncertain ; it cannot supply the place of chloroform, 
but fM a twM narcotic it is a decidedly valuable acquisition to our 
iU^rnfmtik treasury. Finally, we can employ cold locally as a 
rifmr'dy for the relief of pain in the form of cold compresses or 
hladdi^rs of ice applied to the wound ; we shall speak of this again 
mhm wc come to the treatment of wounds. 

In a clean cut or punctured wound the second immediate 
pjrniptom is hsemorrhage, the quantity of which depends on the 
number, size, and kind of vessels divided. We speak here solely of 
limmorrhage from tissues that were perfectly sound before the 
occurrence of the injury, and we distinguish capillary, parenchy- 

' Oue gramme is equal to about fifteen grains. 
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matous; arterial, and venous hsemorrhage ; these must be considered 
separately. 

Different parts of the body, as is well known, vary considerably 
as to their supply of blood-vessels, the greatest differences being 
chiefly in respect to the number and size of the capillaries. In a 
given portion of the skin there are fewer and smaller capillaries 
than in a portion of equal size in most of the mucous membranes ; 
the skin, too, contains more elastic tissue and muscles as well, so that 
(as we feel and see in the cold and in the so-called goose-skin) the 
vessels are more easily compressed than in the mucous membranes, 
which are deficient in elastic and muscular tissue ; simple wounds 
of the skin therefore bleed less than wounds of mucous membranes.. 
If the tissue be healthy, capillary hsemorrhage will cease of itself 
from the compression of the open mouths of the vessels by the 
contraction of the injured tissue. £ut in diseased parts, which 
cannot contract, bleeding from the dilated capillaries may be very 
considerable. 

Haemorrhage from arteries may be easily recognised, partly because 
the blood spirts out in a jet-like stream, in which the rhythmical 
contractions of the heart are distinctly perceptible, and partly because 
the blood effused has a bright-red colour. This bright-red colour 
of the blood, however, changes to a very dark hue when there is 
deficient respiration; so that in operations about the neck, for 
instance, performed on account of danger of suffocation, and in very 
deep narcotism from chloroform, quite dark, almost black blood 
may spirt out of the arteries. 

The quantity of blood effused depends either upon the diameter 
of the completely divided artery or upon the size of the opening in 
its wall. You must not, however, imagine that the size of the jet of 
blood from an artery corresponds exactly to the diameter of the 
vessel ; it is usually much smaller, because an artery contracts at the 
divided part and so diminishes the size of the opening ; the large 
arteries, however, as the aorta, carotid, femoral and axillary arteries^, 
possessing but few muscular fibres, show hardly any perceptible 
contraction, at least in the calibre of the vessels. In very small 
arteries this contraction of the divided vessel has such an effect that 
occasionally, owing to the obstruction to the flow of the blood 
caused by the increased friction, the stream neither spirts nor 
pulsates ; and this friction in the smaller arteries may be so con- 
siderable that the flow of blood soon becomes excessively slow 
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and impeded towards the divided ends, nntil at length it rapidly 
coagulates and the bleeding ceases of itself. The smaller the 
diameter of the arteries, owing to the diminution of the total quantify 
of blood in the bodj, the more quickly the bleeding ceases without 
its being necessary to arrest it artificially. Hereafter you will 
frequently have opportunities in the hospitals of observing how 
strongly the blood spouts out at the commencement of one of the 
larger operations, and how towards its termination the hsemonrhage 
is considerably less, even when the arteries divided are absolutely 
larger than those cut through at first. Decrease in the quantity of 
blood in the body may thus lead to spontaneous arrest of haemor- 
rhage, though at the same time the weaker contractions of the heart 
must also be taken into consideration. In fact, in internal 
haemorrhages which are inaccessible to direct artificial aid we make 
use of a rapid abstraction of blood from the veins of the arm 
(venesection) as a haemostatic; the artificial production of the 
condition of general anaemia, (naturally only done in cases in which 
the internal haemorrhage has not already caused it) is in such cases 
looked upon as a remedy for internal haemorrhage, however 
paradoxical this may appear at first sight. Haemorrhage from cut 
wounds of the great arterial trunks of the body, neck and extremities, 
is always so serious that artificial arrest of the haemorrhage is 
absolutely necessary unless the opening in the arterial wall is 
extremely small. If, however, an arterial trunk in one of the 
extremities be lacerated without any wound of the skin, then 
certainly, owing to the pressure from the surrounding soft parts, 
the stream of blood from the artery may be checked ; such injuries 
give rise later to further after-consequences, to which we shall direct 
your attention on another occasion. 

Bleeding from the veins is characterised by the continuous flow 
of dark blood. This is chiefly the case in veins of small and medium 
calibre. It is rarely very profuse, so that in order to obtain a 
sufficient quantity of blood when bleeding from the subcutaneous 
veins at the bend of the elbow it is necessary to check by 
compression the flow of blood towards the heart. Were this not 
done only a little blood would flow from these veins on their being 
punctured ; the further bleeding, however, would cease spontaneously, 
unless somewhat kept up by muscular action, l^s is chiefly 
because the thin walls of the veins collapse instead of gaping like a 
divided artery. Owing to the valves^ the blood does not easily flow 
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back from the cardiac extremity of a divided vein as long as there is no 
insufficiency of the valves ; we very rarely have to deal with valveless 
veins^ such as those of the portal system. 

Haemorrhage from the large venous trunks is always most 
dangerous. Haemorrhage from the axillary, femoral, subclavian or 
internal jugular veins is in most cases fatal if assistance be not 
speedily rendered ; a wound of either of the innominate veins may 
be looked upon as absolutely mortal. Blood does not flow in a 
continuous stream from these great venous trunks, but shows very 
decidedly the influence of the respiration on the circulation. I have 
several times seen the internal jugular vein wounded in operations 
on the neck ; during inspiration the vessel collapsed to such an 
extent that it might have been mistaken for a band of fibrous tissue, 
while during expiration black blood welled out as if from a spring, 
or rather like the bubbling up of water from an artesian well. 

In veins which are contiguous to the heart there is, besides the 
excessive and rapid loss of blood, another circumstance that 
heightens the danger considerably, namely, that daring a deep 
inspiration, when the blood regurgitates towards the heart, air 
occasionally enters the vein with an audible gurgling sound and is 
carried into the heart ; instant death may be thus caused, but such 
is not necessarily always the case. I cannot here enter more fully 
into this extremely remarkable phenomenon, which, as regards its 
physiological action, does not as yet appear to me to have been 
satisfactorily explained. You will again have your attention called 
to this in books and lectures on operative surgery. You will also 
be told that on the opening of a large vein in the neck or axilla a 
gurgling noise is heard, and the patient immediately becomes 
unconscious, and that only in a few cases can he be again brought 
to life by the instantaneous employment of artificial respiration and 
other restorative remedies. The probability is that, owing to the 
air-bubbles penetrating as far as the medium-sized branches of the 
pulmonary artery and lodging there, the further progress of the 
blood to the vessels of the lung is suddenly checked ; owing to the 
stoppage of the pulmonary circulation the flow of blood to the left 
side of the heart ceases ; the entire aortic system receives no blood, 
consequently the brain gets none ; sudden and total cerebral anaemia 
is thus most likely the immediate cause of the sudden death. I 
have never experienced anything similar to this, although I have 
known air enter the internal jugular vein and seen frothy blood 
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escape ; thus had no perceptible effect on the genertl conditioo of 
the ]>atient. It appears that aDimals Tair considenblT as to their 
relative sasceptibilitj in respect to the entrance of air into the 
vessels ; if with a siringe von pomp onlj a small quantity of air 
into the jugalar vein of a rabbit it soon dies, while jou may some- 
times pump several sjringefals of air into a dog without obserring 
any effect. 

Iki^ides the varieties already mentioned, we distinguish the so- 
called parenchymatous hamorrhage, which is sometimes incorrectly 
identified with bleeding from the capillaries. In the normal tissues 
of an otherwise healthy body parenchymatous haemorrhage does not 
come from the capillaries, but from a large number of small arteries 
and veins, which owing to certain circumstances do not contract 
and withdraw themselves into the surrounding tissue, and are con- 
sf^quently not compressed by them. Haemorrhage from the corpus 
cavernosum penis is an instance of this kind of parenchymatous 
haemorrhage, and it occurs similarly from the female genitals, in the 
perineal and anal region, and in the tongue and spongy bones. 
These parenchymatous haemorrhages are very common in diseased 
tissues, and they not unfrequently occur as so-called secondary 
hfemorrhages after injuries and operations; of this we will speak 
later on. 

One thing should be mentioned here, and it is that, according to 
the moHt authentic accounts, there are people who bleed so freely 
from every small insignificant wound that they may bleed to death 
from a scratch on the skin or from the vessel in the dental pulp 
after extraction of a tooth. This constitutional disease is called 
the hemorrhagic diathesis (haemophilia), and people subject to it 
arc called in Germany bleeders (haemophilists), from the Greek 
words alfca and ^l\oq. The essential nature of this complaint 
consists, probably, in an abnormal tenuityof the walls of the arteries, 
which is, in most cases, congenital, but may, perhaps, gradually 
arise from pathological degeneration, with atrophy of the coats of 
the vessels. Conditions of abnormal pressure arising from the 
relatively too great narrowness of the large arterial branches may 
occasionally be the cause of such apparently enigmatical haemor- 
rhages as those to which Virchow has latterly drawn particular 
attention. This dreadful malady is often hereditary in certain 
families, especially among the male members ; women ara less fre- 
quently afflicted with it. Not wounds alone cause bleeding in such 
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people^ but simple pressure even maj give rise to subcutaneous 
haemorrhage ; bleeding of a fatal character may also occur spon- 
taneously, as from the mucous membrane of the stomach or 
bladder. It is not even after the more serious wounds, where 
medical assistance has been rendered immediately or within a 
abort time of the occurrence, but principally after slight injuries, 
that in such people these continuous haemorrhages take place that 
are so difficult to stop, which, as already remarked, points partly 
to diminished contractility or complete absence of muscular tissue in 
the vessels, and partly to deficient coagulability of the blood. The 
latter has certainly not been confirmed from observation of the 
blood effused, as, in those cases where attention was directed to it, 
it coagulated just like the blood of a healthy man. That the state 
of the blood must be taken into consideration with respect to tlii& 
disposition to haemorrhage, is clear from the circumstance that 
leucocythoemic individuals (in whom the number of white bloodi 
corpuscles is considerably increased, while that of the red is dind- 
nished) often bleed profusely from small wounds. 

A rapid and excessive loss of blood soon causes very perceptible 
changes in the whole body. The face, and particularly the lips 
quickly become very pale, and the latter turn bluish ; the pulse 
becomes smaller and at first diminishes somewhat in frequency. 
The temperature falls most strikingly at the extremities ; the patient 
readily faints, especially if he sits upright, he turns giddy, he has a 
tendency to vomit, there are flashes before his eyes, singing in th& 
ears, all things seem to swim round him, he collects all his strength 
to hold himself up, then all sense is lost, and finally he swoons 
away. We explain these symptoms of fainting by supposing 
rapid cerebral anaemia. This soon passes off in the horizontal 
position ; people often faint after a very small loss of blood, as & 
rule, more from horror and disgust at the sight of blood than from 
loss of power. One single fainting attack of this kind is thus na 
index as to the quantity of blood lost, the patient soon comes to 
himself again. Should the haemorrhage continue, the following^ 
symptoms sooner or later make their appearance. The face be- 
comes more and more blanched and wax-like in appearance, the lips 
of a dear, pale, blue colour, the eyes dim and glassy, the tempe- 
rature sinks still lower, the pulse gets smaller, thread-like, and 
extremely frequent, respiration incomplete, vomiting sets in, the 
patient faints repeatedly, gets constantly weaker and more anxious 
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and restless, at length persistently anconscioas, and finally there 
are conTnlsive twitchings of the arms and 1^, which are renewed 
on the slightest irritation, as by the prick of a needle for instance ; 
this condition may pass on to death. Great dyspnoea, gasping for 
breath and at the same time a subjective feeling of heat with great 
restlessness are among the worst symptoms ; but even then we most 
never despair, as we may still often be of service, although life is 
apparently extinct. Young women especially can bear enormous 
losses of blood without immediate danger to life ; you will have 
opportunities later for observing this in the lying-in hospital; 
children and old people least of all bear much loss of blood. In 
very old people great loss of blood, though not immediately fatal, 
may result in an incurable collapse, terminating in death days or 
weeks afterwards; this admits of a very easy explanation; the 
amount of blood lost is at first replaced by serum, and as the forma- 
tion of blood-corpuscles probably takes place very slowly in old 
people, the greatly diluted blood is not sufficient to nourish their 
tissues, which at that time of life are extremely torpid in their 
interchange of materials. Should the patient come to after a 
severe haemorrhage, he chiefly feels excessive thirst, as though the 
body were dried up, and the vessels of the intestinal canal absorb 
greedily the quantities of water that are drunk ; in strong healthy 
men the cellular constituents of the blood are soon replaced (from 
what sources we certainly do not exactly know) ; after a few days 
we observe very little of the former anaemia in an otherwise healthy, 
strong, and young individual ; and he also soon feels nothing of the 
former exhaustion of his strength. 



LECTURE III. 

Treatment ofhamorrkage : ( i ). Ligature and transfixion of arteries. 
Torsion, — (2) Compression, compression with the fingers, choice 
of places for compression of the larger arteries. — Tourniquet. 
Acupressure. — Bandaging. — Application of the tampon. — (3) 
Styptics. — General treatment of suddenly-occurring anamia. — 
Transfusion. 

You now know, gentlemen^ the different varieties of haemorrhage. 
Now, what means have we for arresting hsemorrhage more or less 
severe? The number of remedies is great, and yet we only employ 
a few of them, those alone which are the most certain. Here you 
have at once a field of surgical therapeutics, the requirements of 
which depend on assistance rendered quickly and with certainty, so 
that the result may not be doubtful. But the employment of these 
remedies requires practice; coolness, quiet, absolute certainty as 
i^ards operative skill, and presence of mind, are the first requisites 
in cases of dangerous hsemorrhage. In such situations the surgeon 
may show what he is capable of. 

Bemedies for stopping the effusion of blood are divided into three 
principal classes: (i.) The occlusion of the vessel by tying or 
twisting it: ligature or tying, and torsion; (2.) compression; (3.) 
remedies, which cause rapid coagulation of the blood, styptics (from 
arv^uf, to contract, to harden). 

The ligature may be used in three different ways, either by 
applying a ligature to the isolated bleeding vessel, or by transfixing, 
that is, surrounding the vessel, together with the neighbouring soft 
parts, or by applying a ligature in the continuity of the vessel, that 
is, tying the artery at some distance from the wound. 

These various modes of ligation are almost entirely used for 
airesting arterial hsemorrhage. The ligature is rarely required for 
venoas hsemorrhage; only in the very large venous trunks is it 
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occasionally indicated ; we avoid it however^ if anyhow possible,* 
as the consequences may be dangerous : later on we will inquire in* 
what the danger consists^ and at present only speak of the ligature 
of arteries. 

Let us take the most simple case ; one of the smaller arteries is 
spirting in a wonnd^ you first take a pair of so-called sliding forceps, 
seize the artery transversely if you can^ and as much isolated as 
possible, then push home the slider of the forceps and the bleeding 
is completely stopped. These sliding forceps are best made of 
German silver^ as this metal rusts less easily than iron. There^ 
are many different varieties of forceps, which all have the one 
thing in common, that, when they are closed they remain fixed 
in this position ; the mechanical means by which this closure is 
effected, vary greatly ; the simpler the mechanism the better. It is 
interesting to examine the various phases of development that this 
instrument has passed through since the time of Ambrose Par^, 
before attaining its present state of simplicity and perfection. More 
recently small spring clips have been occasionally used to compress- 
bleeding arteries; they are certainly very serviceable if strongly 
made. Besides these forceps^ one can also make use of small curved, 
sharp hooks (Bromfield's artery tenaculum) in order to draw the 
artery forwards, but this is far less practical, as the blood naturally 
continues spirting during the subsequent application of the ligature. 

Having seized the artery securely, the next thing is to make the 
closure effectually permanent, this is done by the ligature. Convince 
yourself, however, beforehand, that you have not included some- 
branch of a nerve with it, as the simultaneous ligature of a nerve - 
may not only cause severe continuous pain but dangerous constitu- 
tional nervous symptoms as well. For tying arteries we use silk 
thread, twine or catgut of varying thickness according to the size of 
the arteries ; the threads must be good, strong ones, that they may 
not break when tightly tied. 

The forceps, which remain attached to the extremity of the arteiy, 
should be slightly raised, and the thread is best applied round the- 
artery from below, making first a simple knot and tying it tightly 
just in front of the branches of the forceps, and then securing it 
with a second knot. Now loosen the forceps, and if the ligature is 
properly applied, the bleeding must cease. The knot must be 
fastened firmly and securely by pushing the ends of the thread> 
forward and stretching them steadily with the points of both fore- 
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"fingers. Tliis is especially necessary when very deep-seated arteries 
have to be tied. If the threads are good^ two simple Knots placed 

one over the other are sufficient. You should practise these little 
manipulations beforehand on the dead body or on living animals. 

. If the ligature holds securely, you must, if you have used silk or 
twine, cut the one end short off and carry the other end out of the 
wound by the shortest way; after six to ten days, you can as a 
rule withdraw these threads from the wound. In wounds which 
you intend to unite completely and by first intention, it is best to 

* use catgut (gut-strings, soaked in oil to render them supple) ; the 
knots and loops become gradually absorbed, and it is only very 
rarely that they are thrown off later by suppuration. 

We cannot always succeed in isolating the spirting artery so as 

. to be able to seize and tie it ; occasionally it withdraws itself so 
strongly into the tissue, chiefly into the muscles and thickened 
cellular tissue, that it is impossible to obtain a hold of it detached 
from the surrounding parts. Under such circumstances it is diffi- 

- cult to apply the ligature securely ; you are then very apt to include 

. the points of the forceps in the ligature, as you cannot push the 

i thread far enough forward. In this case the proper plan is to 
transfix the artery. After having drawn the bleeding part forward 
with forceps or a hook, you take a strong semicircularly curved 
Jieedle held in a needle-holder, thrust it in close to and on one or 
the other side of the bleeding vessel so as to surround it from 

. below, carry the needle out, draw the thread through with it and 
fasten the knot so as to encircle the entire end of the artery ; then 
tie it very tightly as we have described above ; in this manner some 
of the adjacent tissue will be included with the artery, and the 
month of the vessel closed at the same time. This transfixion is 
•only to be looked upon as an exceptional proceeding, for the 
strangulated tissue either perishes or decomposes in the wound if 
the ligature has completely destroyed vitality in the tissues, or if 
the ligature has been imperfect, it sets up][intense inflammation ; 
•both may complicate the process of healing. That we must guard 
.against tying any visible branch of a nerve lying near the bleeding 
vessel is a matter of course. Middeldorpf s method of percutaneous 
.transfixion is more summary still ; you take a large strongly carved 
«iieedle and simply thrust it, as in a case of haemorrhage from the 
iiadial artery for instance, on the cardiac side of the bleeding spot, 
^deeply throogh the skin transversely to and beneath the artery, and 
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bring it out on the other side ; the thread moderately firmly tied, 
compresses \he artery together with many other parts ; the thread 
remains for two or three days and is then removed. I cannot, 
however, recommend this method to you ; it should only be used 
in cases of exigency, and merely as a provisional remedy for 
arresting hemorrhage. 

As long as the bleeding arteries are visible in the wound, the 
first thing to be done is to apply the ligature ; but in those cases 
where the arteries of the periosteum spirt out blood the application 
of the ligature may be impossible, it is just as little applicable in 
spirting arteries of the bone; other methods are employed here, 
chiefly compression. 

If you have to deal with very large bleeding arteries, the proceed- 
ing is exactly the same, only you must be doubly careful to isolate 
the artery ; you must, after seizing the bleeding end scrape back 
the surrounding tissue by the aid of a small scalpel or anatomical 
forceps^ and then tie it most carefully and accurately; in most 
arteries you must tie both the cardiac and distal ends if they lie 
exposed in the wound^ for the anastomosis in the arterial system is 
always sufficiently extensive to cause bleeding from the distal end 
through the medium of the collateral branches ; if not immediately, 
at any rate later. 

It may happen that the wound from which severe haemorrhage 
takes place^ is only very small, as from a stab or gun-shot wound. 
Guided by your anatomical knowledge you should know what large 
vessel has been injured by the wound in question. If you are 
convinced by the severity of the bleeding that the ligature is the 
only certain remedy to stop it^ you then have the following alter- 
natives : — Either to enlai^ the wound, to search for the vessel by 
careful clean dissection, while it is at the same time compressed 
above the wound, the limb having been beforehand emptied of 
blood by Esmarch's bandaging (of which later), and then to tie the 
ends of the divided artery, or while the bleeding vessel is com- 
pressed in the wound you search above it for the cardiac portion of 
the trunk of the vessel of that extremity and apply the ligature in 
its continuity. Accurate anatomical knowledge as to the situation 
of the arteries and practice are absolutely necessary in both methods 
of proceeding. Which of these these two methods you choose, will 
depend upon which is likely to effect its purpose most quickly, and 
to cause the least additional injury. If you think that you can 
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easily expose the artery in the wound without causing any im- 
portant injury to neighbouring parts^ choose this method as 
absolutely certain ; but if you consider this very diflBcult, if the 
artery, for instance^ at the part injured, lies very deeply beneath 
layers of muscle and fascia, particularly in very muscular or very 
fat people, then apply the ligature in the orthodox manner to the 
trunk of the vessel in its continuity above the wound (towards the 
heart). 

I shall not here enter upon the subject as to the choice of places 
for tying the vessels, these have for many, many years been 
thoroughly tested and universally accepted on theoretical and 
practical grounds. In operative surgery, in the manuals on 
surgical anatomy, and especially in the course on operative surgery 
you will be instructed on these points, but above all things you 
must exercise yourself in the practice of being able to find the 
arteries with certainty, of exposing them neatly, and of tying them 
according to the rules of art ; at the same time you cannot accustom 
yourself to too much pedantry and uniform technicality. 

Although the great value of the ligature is acknowledged by all 
surgeons of the present day, people have never ceased trying to 
discover simpler, and at the same time equally certain methods. I 
will here merely mention torsion of the bleeding arterial extremities 
as one method, which is employed to close the vessels mechanically 
and safely without a ligature until occlusion is efiected by their 
walls growing together. With strong, very accurately-closing, 
sliding-forceps, you seize the spirting bloodvessel isolated from the 
surrounding parts, either transversely or in its longitudinal axis, 
draw it forwards for about half an inch and then twist the forceps 
and with it the artery about five or six times on its longitudinal 
axis ; I generally draw the vessel as far forward as practicable and 
then twist it till it breaks off. In this manner I have twisted 
bleeding arteries from the size of the smallest up to that of the 
brachial artery so effectually that the hsemorrhage was quite safely 
arrested. Should branches be given off just above the bleeding 
end of an artery, we find that the vessel is then not snfiiciently 
moveable to employ torsion with certainty ; for this reason I have 
only once succeeded in torsion of the femoral artery. 

(2.) Compression, — Pressure with the finger on the bleeding 
vessel is so simple and so convenient a method of arresting heemor- 
rfaage, if method it can be called, that we can only wonder that the 
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laity do not at once resort to it ; it is a matter of instinct with 
anyone who has been present at a few operations to immediately 
place the finger in contact with the bleeding vessel and hold it 
there. And yet how rarely do we find that people think of this 
most simple remedy in a case of accidental wounding. They prefer 
employing all sorts of useless domestic remedies^ daub the wound 
over with cobweb, hairs, urine and every possible kind of filth, or 
fetch some old woman to staunch the bleeding with a charm. And 
no one present chances to think of compressing the wound I The 
object of methodical compression is twofold, provisional and 
permanent. 

Provisional compression, which is only made use of until it is 
decided how the hsemorrhage in the case in question may most 
certainly be definitively arrested> is managed either by pressing with 
the finger the bleeding vessel in the wound firmly against a bone, 
the edges of the wound in the meantime being pressed firmly 
against each other ; or by compressing the cardiac portion of the 
trunk of the artery against the bone at a greater or less distance 
from the wound ; the first, as we have already stated, if we wish to 
tie the trunk, the latter if it is desired to tie the bleeding end of 
the artery or to examine the wound more accurately. 

Where shall we compress the arterial trunks and how shall we 
most effectually carry it out ? To compress the right carotid artery 
you place yourself behind the patient, take the second, third and 
fourth fingers of the right hand, place them together and press the 
points of the fingers somewhere about the middle of the neck at the 
anterior border of the stemo-cleido-mastoid muscle firmly against 
the vertebral column, at the same time clasping the nape of the neck 
with the thumb, and with the left hand bending the patient^s head 
slightly towards the wounded side and somewhat backwards. You 
will then plainly feel the pulsation of the carotid artery. Firm 
pressure is here very decidedly painful for the patient, as we cannot 
avoid pressing upon the vagus nerve and by the deep pressure of 
the fingers so much tension of the parts is produced that it affects 
the larynx and trachea. On account of the free anastomosis between 
the carotid arteries, one-sided compression of a carotid for the 
arrest of hsemorrhage from the arteries of the head or face is not 
very effectual, and to compress with perfect certainty on both sides 
takes up so much room, that in most cases we have to be contented 
with a diminution of the arterial volume by incomplete compression. 
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Compression of both carotids is always a painful and alarming 
manipulation for the patient, chiefly owiog to the strong indirect 
pressure thereby exercised on the larynx and trachea, consequently 
it is seldom made use of. Compression of the subclavian artery 
may often be necessary, particularly in wounds of this artery in 
Mohrenheim's fossa and in the axilla. In this operation too it is 
best to stand behind the recumbent or half-sitting patient, then with 
jour left hand incline the head of the patient towards the wounded 
side (we will suppose it to be the right) and immediately behind the 
outer edge of the clavicular portion of the relaxed sterno-cleido- 
mastoid muscle firmly insert the thumb of the right hand, so as to 
•compress the artery firmly against the first rib as it issues from 
between the scaleni muscles. Here too pressure is painful owing 
to the diflBculty of avoiding partial compression of the brachial 
plexus, but the artery can be so completely compressed at this 
point that pulsation of the radial artery is arrested ; less physical 
strength is requisite for this purpose than dexterity and sound 
anatomical knowledge of the situation of the vessel. The thumb of 
the compressing hand soon tires, however, and loses sensation owing 
to the strong pressure, and so various instruments have been devised 
to replace the fingers. One of the most convenient is a short stout 
key, the wards of which have been wrapped round with a pocket- 
handkerchief ; then with the handle held firmly in the palm of your 
hand, you place the wards of the key on the artery and press it 
steadily against the first rib. The brachial artery owing to its 
position can be easily compressed. Place yourself on the outer side 
of the arm, clasp the upper arm with your right hand so that the 
second, third and fourth fingers are placed along the inner side of 
the belly of the biceps muscle about the middle of the arm or a little 
higher, then clasp the rest of the arm with the thumb and press 
firmly with the fingers against the humerus ; the only difiiculty here 
is to avoid compressing the median nerve, which at this spot nearly 
covers the brachial artery ; by compressing the brachial artery we 
can easily stop the radial pulse, and we make use of this compression 
very advantageously, if, on account of a wound of the radial or 
ulnar artaly, we wish to apply a ligature to one of them and at the 
moment have no bandage for enveloping and bandaging the arm 
according to Esmarch^s method. In hsemorrhage from the arteries 
of the lower extremities we compress the femoral artery at the spot 
where it first commences to bear this name, that is just below 
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Poupart's ligameut. We compress it here where it lies exactly in 
the centre between the spine of the pubes and the anterior inferior 
spine of the crest of the ihum^ against the horizontal ramus of the 
pubes. The patient must be in a recumbent position ; compression 
is made with the thumb and is easj^ as the situation of the artery 
at this point is tolerably superficial. The femoral artery can be 
thoroughly compressed against the bone as far down as near the 
lower third of the femur, but it can only be done safely with the 
fingers in very thin individuals. 

Although the more modern mode of compression, by simply 
tightly encircling the limb after previously induced local anaemia^ 
has rendered the tourniquet unnecessary, we must not let it pass quite 
unnoticed. By a tourniquet we understand an apparatus by which 
we press an elongated, oval*shaped piece of wood or leather, a pelotte 
or pad, by means of a twisting, screw, or buckle and strap mecha- 
nism, firmly against an artery and the artery against the bone. As 
long-continued compression of the brachial or femoral artery is 
excessively fatiguing, we can employ it as an auxiliary with these 
arteries. The kind which we use at present is the screw-tourniquet 
of Jean Louis Petit. The pad, which slides along a band, is placed 
accurately on the spot corresponding to the artery, and immediately 
opposite the screwing apparatus, beneath which a few thin layers of 
linen are to be placed, to prevent too great pressure upon the skin. 
We then buckle the band firmly round the extremity, and by means 
of the screw we can now tighten the band and with it the pad till 
the artery below it ceases to pulsate. Should the orifice of an 
artery not be immediately discovered, in an amputation wound for 
instance, we may loosen the apparatus slightly by reversing the 
screw, so as to allow a little blood to fiow from the artery, thus 
locaUzing its bleeding point ; then retighten the screw of the tourni- 
quet and apply the ligature to the artery. In this lies the great 
advantage of the screw. If the apparatus is well made and properly 
applied, it renders excellent service. The veins, and especially the 
subcutaneous veins, are certainly somewhat compressed by the band 
encircling the limb, but this is unavoidable ; the pressui^ however, 
by means of the pad, acts chiefly upon the artery. Yoffican easily 
improvise a tourniquet with a broad band and a rounded piece of 
wood, or with a roller of bandage and a short stick ; but if such an 
improvised compressorium does not firmly and effectually secure the 
artery, I would rather advise you to employ other and more certain 
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means of compression^ of which we will speak directly. The con- 
venience of checking serious hsemorrhage with the aid of the toumi- 
qnet may tempt you to leave it on for a lengthened period^ till the 
haemorrhage had perhaps ceased spontaneously and so save yourself 
the trouble of the ligature. This would be a great error. Within 
barely half an hour, if the tourniquet remains on, the extremity 
below it becomes dark blue, swells up, loses sensation, and the cir- 
culation of the blood in the part may be entirely arrested, thus 
causing its death ; you would reproach yourself your whole life 
through for having made such a mistake, which might seriously 
endanger the life of your patient. The application of the tourniquet 
is therefore only admissible as a provisional remedy for arresting 
hemorrhage. 

To compress one of the larger arteries with the finger for a length 
of time till haemorrhage ceases spontaneously, is difficult of accom- 
plishment. Still, cases may arise where compression with the finger 
is the only certain means of stopping bleeding from some of the 
smaller arteries, as in haemorrhage from the rectum or deep in the 
pharynx, when other remedies have left you in the lurch ; here it is 
sometimes necessary to compress with the finger for half an hour 
or an hour, or even longer, as ligature of the internal iliac artery in 
the first instance, and of the carotid in the second, would be as 
dangerous as it would be uncertain for arresting the hsemorrhage 
permanently. 

In order to avoid the danger which arises from damming up the 
venous blood by the constriction caused by the band encircling 
the limb, we can, before applying the tourniquet, tightly bandage the 
extremity from below upwards, so that the blood contained in it is 
forced out backwards. Formerly this was occasionally done with 
limbs which were just about to be amputated ; the haemorrhage was 
thus limited to an extremely small amount. A physician in Yicenza, 
Orandesso Silvestri, recommended an elastic bandage for enveloping 
the limb, and instead of the tourniquet the employment of thick 
india-rubber tubing, with which the extremity was to be several 
times encircled. Esmarch, without having any knowledge of this 
little known process of Silvestri, hit upon a similar method, and 
drew attention to the efficacy of it ; and since that time it has very 
rightly been generally adopted. As a matter of fact we can per- 
form operations of long duration, without any effusion of blood, on 
limbs that. have been first bandaged in this manner and then con- 
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stricted^ the bandage being removed^ bat the india-rubber tabing 
remaining; the extremities can be made perfectly bloodless and 
maintained so for about an hour^ without the vitality of the part 
being endangered ; after tying all visible vessels the elastic fillet is 
loosened and immediately the blood shoots back again into the 
vessels ; if previously divided arteries have been overlooked and they 
now bleed, they must be at once seized and tied. TAis method of 
snaking portions of the body quite bloodless and keeping them for a 
time in that condition is an immense advance in modem surgical 
practice ; operations have thereby become practicable, which were 
formerly not ventured upon. 

Let us now pass on to those methods of compression which are 
intended for the permanent arrest of haemorrhage. In modem 
'times a new haemostatic method has been recommended by Simp- 
son, late of Edinburgh, the highly gifted surgeon and obstetric 
physician already known to you through his introduction of chloro- 
form, a method, that I cannot certainly acknowledge as a perfect 
substitute for the ligature, but which is in many cases of practical 
value; it is the compression of the bleeding artery by a needle, 
ncnpressure. 

Acupressure may be performed in various ways. In a stump 
after amputation, for instance, you introduce a long insect-needle, 
such as is also used for sewing, nearly perpendicularly, either from 
above or below, into the soft parts at a distance of a quarter to half 
an inch from the side of the artery, then turn the needle hori- 
zontally, and carrying it^ point just over or under the artery, you 
bring it out again almost perpendicularly on the other side of the 
tirtery and at a point equally distant from where it was first intro- 
duced, so that the arterial orifice is compressed by the needle against 
the soft parts, or better still against the skin or a bone ; should this 
•compression not be perfectly effectual, as would seldom be the case 
with the larger arteries, you must compress the artery against the 
needle by means of a loop of thread. In amputations I prefer 
making acupressure by torsion, acutorsion : I transfix the end of 
ihe artery after it has been drawn forward; and then with the 
oieedle make a quarter, half, or whole turn in the direction of the 
radius of the amputated surface, until the bleeding stops, and 
-then insert the point of the needle deeply and firmly into the soft 
parts. These needles can be removed after forty-eight hours, 
without recurrence of the bleeding. It was only the more extended 
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experience of English sui^eons as to the snccess of this bold 
proceeding that encouraged me to try it ; from its simplicity it is 
very practicable^ and dexterously performed, leaves nothing to be- 
wished for. That acupressure will entirely supersede the ligature,, 
as Simpson prophesied, I can at present hardly believe. In this^ 
hasmostatic operation, which I have resorted to in most of my 
amputation wounds for some years past, I use long gold needles* 
with large heads, because silver is too soft, platinum too dear, and: 
other metals rust too easily. 

Quite recently small ligature rods have been used by Von Bruns, 
by which loops of silk thread are placed round the artery after it 
has been drawn forward, the loops are then drawn tight, and retained 
there ; these rods with the threads are removed, as was the case with, 
the acupressure needless, after forty-eight hours ; I tried this recently 
on the femoral artery with complete success in an amputation of the 
thigh. 

In venous hsemorrhages, or in haemorrhage from a large number 
of small arteries, especially in the so-called parenchymatous haemor- 
rhage, bandaging secundum artem or the tampon must be employed 
with the aid of bandages, compresses and charpie. Tightly plugging 
or rather cramming the bleeding wound with charpie and a cord- 
like application of a bandage would be just as injurious for a 
permanency as a tightly applied tourniquet. Total anaemia, 
bloodlessness of an extremity may be continued without danger of 
its perishing, for an hour or an hour and a half, but not longer. 

If you have haemorrhage from an arm or leg, that you want to 
arrest by compression ; if, for instance, large quantities of blood are 
being eflFused from a much dilated, diseased vein, or if the bleeding 
is from a number of very small arteries, you should bandage the 
extremity from below upwards after having previously covered the 
wound with a compress and charpie and placed several layers of 
folded linen (graduated compresses) lengthways on the extremity 
along the course of the principal artery. It is well, if to this- 
application, which is called Theden's bandage, you add a splint, so 
that the extremity may be at perfect rest, for muscular contraction 
may easily set up bleeding again. These involutions, carefully 
applied, are chiefly used on the field of battle in gunshot and 
punctured wounds, and are of considerable efficacy ; we can, by their 
aid, arrest haemorrhage from the radial, ulnar, posterior and anterior 
tibial and even from the femoral and brachial arteries. This* 
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bandage does not make the extremity totally bloodless^ but only 
lessens materially the quantity of blood circulating in it. Bleeding 
from small or medium sized arteries can be permanently arrested by 
such a bandage^ if it be left on for six or eight days. Also in 
haemorrhage from the thorax^ as on account of parenchymatous 
bleeding after removal of a diseased mammary gland^ compression 
may be employed by laying compresses and charpie on the wound 
and keeping up a certain amount of pressure by applying bandages 
to cover the dressing firmly round the thorax. Such a bandage, 
however, if it is to be really eflfectual, annoys the patient extremely ; it 
is on the whole always better to tie the bleeding arteries properly, even 
though there should be a great many of them ; you, as well as your 
patient will be the better for it, as you will not be so easily annoyed 
and disturbed by the secondary hsemorrhage that is especially liable 
to occur after this operation in consequence of hasty bandaging and 
imperfect compression. 

There are some parts of the body where compressive bandages 
are useless, as in hsemorrhage from the rectum, the vagina and 
from the depth of the nasal cavity. It is here that the tampon or 
plug finds its application. 

There are many descriptions of tampons, especially for haemorrhage 
from the vagina and rectum, the following is one of the simplest : 
you take a four-cornered piece of linen, about a foot square ; by 
means of two or three or the five fingers of the right haid placed 
together in the centre of it, push it suflBciently high up into the 
vagina or rectum and fill the space left vacant by the withdrawal of 
your hand with as much charpie as you can get in, so that the 
vagina or rectum is fully distended internally and strong pressure is 
thereby exercised on its walls. Should the bleeding cease, you 
leave the plug till the next day or somewhat longer, according to 
circumstances, and then remove it by gentle traction on the linen 
which serves as a sack for the charpie. You can also make a large 
ball of charpie or linen tied together with thread, leaving a long 
string attached for the purpose of withdrawing the mass ; but as a 
plug of this kind is at one time too small and at another too large, 
I prefer the first method, where the linen bag having been introduced 
can be filled to any extent that may be required. If the haemor- 
rhage comes from the portio vaginalis uteri, as sometimes happens 
after an operation on this part, it is certainly far safer to expose the 
portio vaginalis by holding back the posterior vaginal wall with a 
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large Sims' specalum and applying a tampon firmly and directly 
to the bleeding spot, for the mass of charpie which is necessary 
to fill the vagina of a woman who has borne several children, so that 
no more blood shall pass through or by the side of the plug, is 
incredibly large, and the pains which she suffers in consequence are 
very severe. In profuse haemorrhage from the nose, which generaUy 
comes from the posterior part of the inferior meatus and certainly 
not uncommonly from the posteriorly situated cavernous tissue of 
the inferior turbinated bone, plugging the nose in front is entirely 
insufficient and useless ; the bleeding continues and the blood either 
runs down into the pharynx or flows out of the other nostril, the 
patient in the meantime pressing the velum palatinum against the 
wall of the pharynx and so shutting off the upper part of the 
pharyngeal cavity. It would then be necessary to think of plugging 
the cavity of the nose from behind and this can easily be done by 
means of Belloc's sound. This exceedingly convenient instrument 
for the purpose consists of a tube or canula about five inches long, 
the end of which is slightly curved ; in the canula is a steel spring 
stylet of much greater length, having a perforated button or knob 
at one end. You prepare beforehand a thick plug of charpie having 
a string or thread attached ; this plug must be large enough to fill the 
posterior nares. To use this apparatus, you pass the sound, with the 
stylet drawn back, into the inferior meatus, push it quite to the back 
of the nares, and then press the stylet forwards, so that it makes its 
appearance in the mouth below the velum. You now fasten the 
string securely to the button or to the hole in it and then draw the 
canula and stylet back again out of the nose ; the string tied to 
it as well as the attached plug must follow and when you make steady 
traction on the string the plug becomes tightly pressed into the 
posterior nasal orifice ; if the bleeding now stops, as is usually the 
case if the plug (which must not be too long, otherwise the end of 
it might encroach upon the larynx) was not too small, you cut off 
the thread or string and leave the plug in the nose till the following 
day and then withdraw it from the nose by means of the string left 
attached ; which is so much the more easy, as it is generally thickly 
covered with mucus and is consequently smooth and slippery. As 
this instrument is not always at hand, you can make shift with an 
elastic catheter or a thin piece of whalebone, or something of that 
kind^ by passing it into and through the nose, seizing the end with 
the finger behind the velum palatinum, and drawing it into the 
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mouth in order to fasten the thread and plug to it. The use of 
such a substitute demands however more skill and dexterity than the 
use of Belloc's sound. 

(3.) Styptics are remedies which act partly as astringents to the 
tissues and partly by causing remarkably rapid and firm coagulation 
of the blood. The number of remedies recommended is very large ; . 
but we shall only mention those which have furnished successful- 
results under various circumstances. 

Cold not only excites the walls of the arteries and veins to con- 
tract but makes the other soft parts contract also and thus com- 
press the vessels ; the current of blood gradually experiences greater 
obstacles and may even stagnate entirely should the part be com- 
pletely frozen. The efiect of cold as a haemostatic remedy appears 
to me, however, to be very much exaggerated ; I advise you, there- 
fore, not to trust too much to it. Cold may be applied as follows r 
— in the first place we can inject ice water on the bleeding wound 
or into the vagina or rectum, into the bladder through a catheter, 
into the nose or into the mouth ; the mechanical irritation of a 
forcible stream of water is added to that of the cold ; or you may 
apply pieces of ice directly to the wound, or introduce them into 
cavities, or they may be swallowed, as in cases of haemorrhage 
from the stomach or lungs ; or finally you can fill a bladder with 
ice and apply it to the wound, where it may be kept on for hours or 
days. 

The absolute rest, which must be observed in every case of 
haemorrhage, as well as the diminution of the diameter of the arteries 
in consequence of the loss of blood that has already taken place may 
probably often have a greater influence in checking bleeding than 
the employment of ice, to which alone the good effect is attributed. 
I would not dissuade from the use of cold in cases of moderate 
parenchymatous haemorrhage, but in bleeding from the larger 
arteries, you must not expect too much from it, and do not waste 
too much time over it, as in this case " time is blood — blood is . 
life." 

It is the same thing with regard to the local astringent remedies 
in general use, vinegar, alum solution, and such like, that also cause 
contraction of the tissues and so compress the vessels ; they may be 
all very well for checking capillary bleeding from the nose, but you 
cannot expect any great results from their use. 

The red-hot irouj ferrum candens, causticum actoale or the actual » 
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*cautery, acts by charring the ends of the vessels and the blood, 
and by the hard eschar thus formed the escape of blood is prevented. 
If you take a wooden-handled iron rod provided with a small knob 
at the one end, and having heated the knob to a white heat, hold it 
in the immediate neighbourhood merely of the bleeding part, a black 
eschar is at once formed; occasionally indeed the tissue flames 
up even from the radiated heat alone of the white-hot iron. A 
red-hot iron pressed on the bleeding spot has the same efiTect, but is 
apt to adhere to the resulting eschar and tear it off. These cautery 
irons are generally heated to the required temperature in a chafing 
■dish by means of bellows. The actual cautery may under some 
circumstances be a very convenient hsemostatic ; it was formerly the 
most celebrated styptic before the ligature was known. The 
Arabian surgeons used to make their amputating knives red-hot, 
a proceeding that even E abricius Hildanus. commended, although he 
preferred burning the orifices of the spirting arteries separately with 
a fine-pointed hot iron, in which he must have had an amount of 
dexterity that we may well envy. 

In more recent times a method has been invented which must be 
noticed here : it is the use of platinum for operating, made red-hot 
by a galvanic battery. This was introduced into Germany by 
Middeldorpf ; it is known as galvano-caustic, and in certain circum- 
stances may be used with advantage; it only acts styptically, 
however, where the platinum is at a moderate red heat ; at a white 
heat platinum wire can cut through the soft parts like a knife, but 
at the same time they bleed freely. You can understand that a 
<5autery iron properly shaped for haemostatic purposes as found in 
the surgical wards is not always at hand in actual practice; 
Dieffenbach, the most ingenious German operator of this century, 
as well as one of the most original of men, once arrested a severe 
hsemorrhage that set in after extirpation of a tumour on the back 
by means of the tongs, which he rapidly heated in the fire ; he was 
alone at the time, in a miserable dwelling and had no other remedies 
at hand. A knitting-needle fixed in a piece of wood or in a cork and 
heated in the candle may in some circumstances be used as a cautery. 

One remedy which may not only be put on an equality with the 
actual cautery in its effects, but occasionally surpasses it, is the 
Liquor Fern Sesquichlor. ; this forms with the blood such a firm, 
leathery, adherent coagulum that it is admirably suited for a 
styptic. To use it take a roll of lint or charpie, saturate it with 
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the Jjiijuor t'erri, and having previously wiped off all blood witli a 
sponge, press it firmly on the wound for the space of from two to 
five minutes : you will thus arrest tolerably severe arterial hicmoT^ 
rhage. Should the first application prove ineffectual, try it a second 
or third time; Ihis remedy will rarely fail joa if you combine 
compression nitli it, but it makes an irritable corrosive slough, 
behind which decomposed pus mixed with gas-bubbles is not 
uncommonly formed ; so that you should not employ this static 
without urgent necessity. 

The application of Oennau tinder and blotting-paper to bleeding 
wounds is an old popular remedy ; German tinder becomes firmly 
adherent with ihe blood to the wound if the bleeding is but sUgbt, 
but without simultaneous compression it is ineffectual in anything 
like severe bsemorrhage ; occasionally it does good service and manj 
surgeons esteem it highly. Dry charpie, firmly pressed ou the 
wound, has, according to my ciperience, the same effect. I ha?e 
a few tiinej lately used the Penghawnr Djamhi, and can corroborate 
the statement that in large cjuantities and finnly pressed on the 
wound it acts really stjptieally, better than charpie; if it be as 
effectual as Liquor Ferri, I leave undecided, but it makes less of a 
mess about wounds, although remaining firmly adherent to them for 
several days. Penghawar Djambi is composed of the light-brown 
soft hairs from the trunk of Cibotium Cumiughii, a tree-fern 
indigenous to the East Indies. 

Other styptic remedies are oil of turpentine and aqua Binellit 
in which creosote is the principal effective ingredient ; in the use of 
the former remedy only have I any personal experience and I can 
highly recommend it to you; when a student in Gottingen, it used 
to be particularly commended by one of our lecturers. Professor 
Banm, and I employed it once ia a doubtful case with such striking 
success that 1 have a sort of veneration for it. It is in reality & 
very heroic remedy, not only because the application of oil of tur- 
pentine to a wound causes very severe pain, but also bccnusc it excites 
strong inffammation, not in the wound alone but in its vicinity 
as well. I will relate the case to you in which I used it. A young, 
weakly woman some months after her confinement suffered from 
extensive stuppu rati on behind the right breast between the mammsiy 
ghisd and the fascia of the pectoral muscle ; several incisions bad 
already been mnde ttirongh the breast and by the side of it in order 
to give free exit to the Urge quuitilieB of matter tlmt wrre formed j 
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bat the openings soon closed again^ and the old ones had to be 
enlarged or new ones made^ as healing did not take place in the 
suppurating cavity. After one of these incisions that I had carried 
down rather deeply, severe hsemorrhage set in, blood welled up 
continuously from the bottom of the abscess, without my being able 
to find the bleeding vessel ; I first of all filled the cavity with charpie 
and bandaged over it ; the blood soon came through the bandage. 
I removed it and injected ice-water into the different openings and 
the bleeding moderated ; again I applied a firm compressive bandage 
and the bleeding seemed arrested ; I had hardly got to my room in 
the hospital before I was hastily summoned by the nurse, because 
the blood was again soaking through the dressing I had applied ; 
the patient had fainted, looked as pale as a corpse, and the pulse 
was very small. The dressing had to be immediately removed ; I 
now introduced pieces of ice through the different openings into the 
cavity beneath the breast, but the bleeding did not cease. The 
patient passed from one fainting fit into another, the whole bed was 
full of blood and ice-water, the woman lay unconscious before me 
with cold extremities and dim glassy eyes, and the nurses were 
indefatigable in their efforts to resuscitate the patient now bleeding 
to death, by holding ammonia to her nose and rubbing her forehead 
with eau de Cologne; I, at the commencement of my surgical 
career, not yet inured by practice to coolness and presence of mind 
in scenes such as this of which I had been the originator — I shall 
never forget the situation ! I was already thinking it would be 
inevitably necessary to quickly amputate the entire mammary gland, 
search for the bleeding vessel, and tie it, when I decided to make 
another attempt with turpentine. I soaked a few wads of charpie in 
the oil, pressed them in the cavity of the wound, and the haemorrhage 
stopped immediately ; the woman recovered rapidly ; owing to the 
turpentine, which was removed after about twenty-four hours, very 
violent reaction was excited in the cavity of the abscess, the walls of 
which were thrown off; a subsequent active growth of granulations 
effected in three weeks a cure, which physician and patient had for 
months perseveringly but vainly endeavoured to obtain. How 
haemorrhage is arrested by oil of turpentine and creosote solution I 
cannot tell you, as they do not produce particularly firm coagulation 
of the blood ; probably owing to the intense irritation caused by 
them, a peculiarly energetic contraction of the divided orifices of the 
yessels ensues. 
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<fu iij", « bok joa will seldom see styptics used in the scu^cal 
%7ff<A ; t^jr art rather favourite remedies with physiciansy to whom 
tA^ ^fi^yAifm o( the ligature and the transfixion of arteries is an 
<wuw/;>«^t//fa^ affair. Where it is possible to tie and compress 700 
titv//fv>l aroid styptics. In the face^ neck, or perineum we may 
i^0rMiA^/:f^Wf\j make use of the more efficacious styptics when there 
tm ytuKfwhjmtiousi haemorrhage, if it makes no difference as to 
m1u^ij:t thf: wound suppurates or not ; but if the haemorrhage be 
^x/;^^;v*: and if styptics have left you in the lurch, the subsequent 
t^li/:adion of the ligature is far more difficult, as wounds often get 
inU, a horrible mess from the styptics employed. 

from the use of medicines recommended as internal styptics you 
fc*ir« n/Ahing to expect in surgical practice. Absolute rest, keeping 
/y//l, n»rf'Micn, laxatives in cases of congestive hsemorrhage, may 
A//W and then prove extremely serviceable as auxiliaries, but their 
willon i*t UKf slow for the hsemorrhages with which we have to deal 
in >nrjt'ry, 

1 h': if/fwra] state of weakness resulting from profuse haemorrhage 
in naturally mr>st effectually combated by stopping the bleeding, but 
whil*(t thus cK^cupicd, those who are placed at your disposal to assist 
you may be employed in attempts to revive the patient during the 
rfr|Krate<l fainting-fits by means of smelling-salts, sprinkling with 
wuit-r, kc. Only when the htcmorrhage is arrested may you turn your 
attention to this point; you may then give strong wine, rum or 
(uty^mvn, hot coffee, warm soup, a few drops of spirits of aether or 
acetic »;thcr, and at the same time ammonia and such like should be 
givrm to the patient to smell. Artificial warmth, which is very effica- 
cious, should be (juickly supplied by covering the bleeding patient 
with thick blankets that have been warmed before the fire. It is also 
\tfy eifective to envelope the extremities in elastic bandages in order 
to drive the blood contained in them into the interior of the body, as 
the extremities can dispense with blood for a longer time than the 
brain, the heart, or tlie lungs. Up to the present time it has never 
happened that a patient has bled to death in my hands, but I have 
met with several cases in which one, two, and five hours after large 
operations with considerable loss of blood the patients have been 
seized with dyspnoea and spasmodic convulsions, and have died, 
evidently in consequence of the great loss of blood ; for such cases 
there is one extreme remedy, namely, to inject blood from a healthy 
person into the bloodless patient. This operation^ which is called 
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Iransfusioi], is tolerably ancient ; it originated in the middle of the 
seventeenth eentorj, and after people had for a time marvelled at 
the strangeness of the idea it was laid aside and derided, till, however, 
at the end of the last century it was again withdrawn from the 
darkness of oblivion by English physicians, and more especially by 
their obstetric physicians; after Dieffenbach had made some attempts, 
which be soon abandoned, to reintroduce transfusion into Germany, 
Martin, in recent times, has more especially the merit of having 
icted attention to this operation as a life-saving one, whilst 
has treated the subject experimentally from a physiological 
it of view in a thoroughly fundamental manner. The instru- 
mental apparatus consists of a kuife, forceps, scissors, and a small 
narrow canula with a glass syringe to fit it, the latter to hold aboat 
140 — 200 grammes (about 5 — 8 ounces) of fluid. You bleed a 
healtliy strong young man from one of the veins of the arm in the 
ordinary manner to be hereafter described, and receive the blood, at 
first to the estent of about 140 grammes, in a rather deep vessel 
which should be placed iu a wash-hand basin filled with water of the 
temperature of the body ; the blood Sowing into the vessel is kept 
wliipped with a twirling- stick till the fibrine separates. While this 
is being done, the most distinctly perceptible subcutaneous vein at 
the bend of the patient's elbow is to be freely exposed by an incision 
through the skin ; then two ailk threads are passed beneath the 
I, tlie lower one is drawn together without closing it entirely, so 
no blood may escape from the subsequent fine oblique incision 
le by the scissors in the vein ; the canula is pushed up into the 
gaping opening of the vein, and the upper thread crossed over 
without tying it in a knot; some blood must be allowed to 
ipe through the canula so as to fill it and expel the air. 
In the meantime the assistant has finished bleeding the healthy 
man and filtered the whipped (deiibrinated) blood through a fine 
cloth ! then the syringe having been first warmed is filled with the 
id, inverted and the air entirely driven out. The syringe is now 
1y fixed iu the canula and the blood very slowly injected. 
:perience has taught that it is uuadvisable to inject more than 
280 grammes of blood, and that even this completely suffices to 
waken vitality. The syringe must never be entirely emptied 
you must stop directly the patient sliows ajiy signs of dyspncea. 
mag completed the injection you remove the threads and the 
lis, and treat the wound as in venesection. It has long been a 
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uuk/jown cau^s*r«; we craw ;h^S7 c:l;!'-?::l5 ;r:iQ lie results of 

PanumV <;x<>»:iJ«ri»t ei{>eniiieLts, £rX'jrii::g :: which ihe biood itself 

iUtt*ii fjot fj'iurivhf Ijiit if odIt t:.e price: p^. channel and xcedium for 

<Ji>iributiijpr ihc noumhifitTit. Tne experiacieat* lEade by Neudorfer 

in IIh* laht Italian war on the wo^L''f:d tlo bad become an:rniic in 

coiiMfqucfKx: of profuse suppuration have bad no permanent results. 

iliiclffr Uan of laii; paid inach attention to the subject of transfusion; 

h(; pn^fcrH and urgently recommends whipped and filtered venous 

lilood to htt in'ycUul into an artery 'Nuch as the radial or posterior 

iibial artirry), in the peripheral (distal) direction, as was once formerly 

done by Von (iracfe ; as liueter has clearly demonstrated that this 

uHcrial trannf union is performed almost more easily than venous, 

tliis mt'thod dcHcrvcs the preference, chif lly because the danger of 

nnbollHin in tlir pulmonary vessels is thus with certainty avoided; 

no abnormal symptcnns made their appearance in the hand or foot 

of those o|)rratrd on by iluctir either during or after transfusion; 

but 1 am very doubtful if in many cases we should succeed in 

uitrodueing a cnnula into the above-named small arteries in a patient 

bleeding to death, we should then have to choose the brachial artery. 

The enormous rise in the tempcrafure of the body, the appearance 

of Itloody urine, cyanosis, dyspnu:a, and otlier symptoms which arise 

after and occasionally even during the operation, plainly indicate 

that it makes a considerable inroad on the physiological activity of 

the organism. On the whole I am but little prepossessed in favour of 

this o)H'n)tion, which has always hitherto been unsuccessful with 

myself and my assistants, but must confess that it is extolled by 

nmtiY pbvsioians as having very good results. More recently still 

dirtvt transfusion >iith lamb*s blood (the tirst and oldest form of 

this sj>ecios of operation) has been again revived ; fatal cases have 



TRANSFUSION OF BLOOD. 55 

occurred during this operation as well as during direct and indirect 
transfusion with human blood. 

The statements which have been made with regard to cases of 
successful transfusion of lamb's blood are not such as to cause 
me at present to alter my opinion as to this operation. 

I cannot now discuss the treatment of the after- consequences of 
serious haemorrhages ; it will be evident to you that, as a general 
rule, the chronic effects, the defective formation of new blood, must 
be combated by dietetic and medical treatment of a strengthening 
and nourishing character. 
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LKCTURK IV. 

Gapiaff ^ tAt teouMif. — Union &31 platler. — Sufure. — Imterrupied: 
mtnre. — Tteulrd suture. — Ertermat riauffea percepiii/e t'« He 
imUetl wou*d. — Rtaotal of tkt mturei. — Htaliny 6y fie Jirtt' 

Arrut the hieiiiorrbage from a wound has been completelj arrested 
Mid the sur^kce c)rUK«<l br wishing it with coM witcr. voo sboold 
ntisfj Toursvlf as to its drpth and tbr character of the parts 
divided, aad in doing this joix most notice patticularlr whether a 
joint, or ooe of the cavities of tbcbodr, has been opened, luge nerFe 
tnuks divided, or a bone exposed or injured. You will then torn 
jwu attration to tbe third mnptom in a meat mnnd, that is, tbe- 
gifaC of the pattK Skin, fasciae, and nezres wOl, when divided, 
■vpuato; pactlT in cD4a«)W»oe of tlMtr elastkttr and pntif 
knnw thi^ an attMhcd to nosdes, wUdi. boRg contiaelfler 
hMMBe skoitaacd fiteclh Ih^ an injvml, and whose est asf&eea- 
thefcfbct, capadal^ ia inwntM wooda. ■» Men or kss waddj- 



'W« sMl vmiikt, ia lb* Snt plaee, o^ t^M mmA nnawh 
whcfe Ibatc kH Wall* hBB of awhMaan, b« «eRly a ani^ dtTiMA- 
•riWaaftr«*s' riarMch>w«wdl»htalfn^.it»R,,n^ 
tte tki iww adgw shNU W hnagte OMl^ Mgrtbr » iWt wct» 
Mwe tkt ar^r. Mite accoafSah ttia «» a^ ik af tb^ oT 




UNION OF WOUNDS — PLASTERS. 57 

the plaster readily becomes loose under moist applications^ it is 
often advisable to paint it over when dry with a brush dipped in 
collodion. 

Collodion is a solution of gun-cotton in a mixture of ether and 
alcohol. If this fluid be painted over the plaster and the adjoining 
portions of the skin^ the ether very quickly evaporates^ and a fine 
membrane^ insoluble in water^ remains behind^ often puckering up 
the skin to a considerable degree. A further therapeutic use can 
also be made of this contractile action of the collodion by painting 
it on the inflamed skin either directly^ or still better after previously 
covering the affected part with thin open cotton gauze^ thereby 
producing moderate, equable pressure. In using collodion to 
fasten the plaster, take care not to apply it directly to the wound, for 
this will not only cause unnecessary pain, but may also induce 
inflammation and suppuration, which are just the things we wish to 
avoid. 

If the cutis be divided and the plaster has to resist a more 
considerable amount of tension in order to keep the edges of the 
wound in apposition, the English plaster is insufficient, and we 
then use the proper adhesive plaster. Of this we have two 
kinds, in addition to numerous modifications, and attempts have 
also been made both to improve it and make it cheaper. The 
emplastrum adhsesivum, the emplastrum diachylon compositum, 
our common adhesive plaster, consists of olive oil, litharge, resin, 
and turpentine. When liquefied by heat it is spread on linen, and 
used generally in strips ; these are laid over the wound, the edges of 
which are thus drawn together and kept in position. This plaster 
when freshly prepared adheres admirably, but it is apt to become 
loose if moist compresses are applied over it for some time. Very 
sensitive skins become irritated by it if often applied, and some- 
times even after one application ; and in such cases we may have 
recourse to other adhesive plasters, the emplastrum cerussse (em- 
plastrum adhsesivum album), which is prepared from olive oil, 
litharge, and white lead with hot water. This plaster adheres much 
less firmly, but it has the advantage of smearing the edges of the 
wound less than the yellow sticking plaster. A mixture of the two 
kinds of plasters in equal proportions lessens the objections, and 
combines the advantages of both. 

As a general rule, for large wounds we now avoid the use of 
adhesive plaster more than formerly, and in its place employ the 
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huture more frequeuilv. \V::..n wt- w.s.i to UTiite wounds by the 
suture, we have, as a rule, ilie tlioice v^f ■ w.^ kinds — the interrupted 
suture (suturj nodosa) avA vac r»vi>i;.a sjiurc (sutura circumvoluta). 
Thrre is some truth in :he ol»iv.^ii..:i '.h:it hv the introduction of a 
foreitrn body, such ::< a thre;iv! or luville, we keep up a constant 
state of irriiation in ihr edijes (^i liio wound, but this cannot counter- 
balance th'* i'rcat ad vjini a Lv obtained bv ilic cert aintv with which the 
surfi4ces of tlie wound are adjus-tril bv means of the suture. Hence, 
then, witli the exccjitiun of adhesive jtlajster, ahnost all substitutes for 
the suture in which ancient and modem surgery has exhausted 
itself, after bavin i' been verv much in vuijue for a time, have been 
thrown aside. The suture has not ytt been supplanted any more 
than the ligature, and probably never will be superseded. 

There are certain portions of tlu^ body, such as the hairy scalp, 
the Iiands, and the feet, where we make a j)oint of avoiding sutures, 
because any possible inllammatory j)rocesses which may occur, and 
which have often been attributed to the suture, are prone to assume 
a danij:erf)us character; in my opinion, however, there is much 
prejudice at the bottom of this. Wounds of the liead are especially 
prone to cause inllammation of tlie skin and subcutaneous cellidar 
tissue; ; that, this tendency is particularly increased by properly 
a])plied >uturts, has not been proved statistically to any great 
extent. There are articles of faith of this kind handed down from 
teacher to i)npil, from one handbook to another; many of them are 
a sort of Hippocratic traditicm full of practical truth; these I 
willini^ly res])ect : others are based on undeterminate observations 
and prejudices founded thereupon, and among these latter I class 
the prohibition to apply sutures to wounds of the head. On looking 
back to my own experience, I remember more cases in which inflam- 
mation of the skin followed wounds of the head where no sutures 
were applied, than where they were. It is extremely important, 
however, in applyinj: sutures to wounds of the head, to take care not 
to tighten them too much, to recognise at an early period inflam* 
inatory symptoms, and under such circumstances at once to remove 
the sutures. In applying sutures lo flap- wounds we must provide 
for the eseape of secretions by inserting drainage-tubes before we 
be&;in the drossiuir. 

The necessity for applying sutures is determined by the amount of 
gapirg and the form of the wound; they arc required, for example^ in 

fl:ip wounds. AA"e are never likelv to take anv unnecossarv tronble in 

• • • • 



UNION OF WOUNDS — SUTURES. 59 

introdacing sutures unless urged by excess of surgical zeal, but 
sutures should be employed where, for the reasons above stated, 
sticking plaster is inappropriate or insufficient. 

For the interrupted suture we use surgical needles and silk thread or 
wire. Surgical needles diflfer from ordinary sewing needles in having 
a lancet-shaped ground point which pierces the skin more readily 
than the round point of the sewing needle ; besides this they are of 
somewhat softer steel than the English sewing needle, in consequence 
of which they do not spring so readily. They vary much in length 
and thickness, according as we wish to pass strong threads deeply 
where the edges are very tense, or only to use a fine thread to bring 
the edges into exact apposition. All needles, however, should have 
an eye of moderate size, so that time may not be lost unnecessarily in 
threading them. The needles may be either quite straight or curved 
in form. The curve should vary according to the localities where 
we wish to use the needles ; for example, fine, very much curved 
needles are necessary for applying sutures to the parts about the 
inner canthus of the eye ; large, much curved needles are used for 
sewing up a perinaeum ruptured during labour, &c. The curve may 
be either in the whole needle, or only at the point : the variety is 
very great ; for sewing up the wounds that are generally met with 
in practice you need only a few thin needles, and a few thick ones, 
some straight, others variously curved. 

The thread is generally of silk, of varying strength and thickness 
corresponding to the needle. Formerly I always used soft red silk, 
which has long been employed for this purpose. In England, 
however, I met with a kind of undyed, strongly twisted silk, which, 
even when extremely fine, is so strong that wounds can be sewn up 
and their borders drawn together with thread as fine as a hair. 
This silk, moreover, imbibes so little moisture that it may remain for 
many days in the wound without swelling or irritating, and now I use 
only this so-called Chinese silk. Another material for sutures has 
lately been introduced from England and America, and that is, silver 
or iron wire. This must be exceedingly fine and soft. The iron 
wire must be very well annealed for this purpose. The use of this 
material was suggested by the long-known fact that pieces of metal, 
when allowed to remain in the body, often cause no suppuration, 
but the parts become healed up over them. It was thought, 
therefore, that the suppurations, which not seldom occur at the 
spots where the sutures have been introduced, might be avoided by 
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using metal, instead of the animal sabstance silk. It cannot^ in 
fact, be denied that sach sappuration at the points of suture is 
much less liable to occur with metallic than with silk thread, but 
the experimental investigations of Simon have shown that the 
suppuration about sutares is mainly dependent upon the thickness 
of the threads. I can from my own experience confirm the observa- 
tion that very fine silk threads cause just as little suppuration in 
the track of the sature, and may become healed over just as well as 
metal ones. As a general rule I have not found catgut a very good 
material for sutures; the portion remaining in the wound some- 
times becomes absorbed in three days, and the borders of the 
wound, unless by that time -firmly adherent, are prone immediately 
to separate. 

We now come to the application of the interrupted suture. This 
is done as follows: — ^With a toothed forceps you first seize one 
lip of the wound, introduce a needle through the skin at a 
distance of about two lines from the edge, passing it into the 
subcutaneous cellular tissue, and bringing the needle out again into 
the wound ; now seize the other lip of the wound with the forceps, 
and pierce the skin from below upwards from the wound exactly 
opposite the first point of entrance, next draw the thread through, 
and cut it so that on both sides it is sufficiently long for a knot to 
be conveniently tied. Now make a simple knot, or, if the tension 
of the borders of the wound be great, a surgeon's one, draw it tight, 
and take care that the edges of the wound are in exact apposition^ 
then make a second simple knot, and cut off both threads close to 
it, so as to prevent any long ends of thread getting into the 
wound. 

If you wish to use wire, you thread the needle with it as with the 
silk, bend the short end which has been drawn through the eye of 
the needle, and pass the latter through the parts as above described. 
If the wire is very soft we can tie an excellent knot with it just as 
with a silk thread, but the whole of this manipulation is much less 
pleasant with wire than with silk, and on closing the knot the border 
of the skin is easily displaced, or the wire may get twisted, so 
that the suture holds less securely ; this is very likely to happen 
with our German wire, which has not yet attained the softness of 
that made in England. The pleasantest metallic wires to use are 
those made of a mixture of gold and silver, and of platinum, of 
which marvellously fine, pliable, and at the same time firm wire 
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may be made. It would be, however, a ridiculous notion to wish 
to Bubstitule tliese expensive articles for ordinary silk, witb wUicb 
millions of wounds have been excellently healed, and doubtless will 
be so in future. I pass over the many newly discovered appliances 
which the wires can be fastened by knots or short twists ; they 
iw that those who enthusiastically advocate the n^e of the 
italhc anture have experienced many difficulties in fastening the 
I first make a simple kuot with the wire, then draw it 
together and make two or three quick, short, twists, and^cut off 
both ends close to the twisted part. Where there is any tension of 
the borders of the wound, the liner the wire, the more apt it is to 
cut its way through, just as the sillc docs, I have seldom found 
the supposed objections to silk sutures sufficiently great to make 
me often take the opportunity of substituting metal ones. These 
latter 1 have occasionally preferred to use; of this I shall speak 
farther when dealing with individual cases m the clinical wards. 
The usual fault that beginners make is to draw the sutures too 
they seldom apply them too loosely. In the former case, the 
I of the wound, which almost always swell a little, become 
igulated ; this strangulation is certainly seldom so great as to 
the death of the tissues involved, but it sets up a condition of 
imatory excitement in these parts which soon shows itself in 
reddening and very early suppuration in the track of the 
K ; and unless we relieve this excitement by promptly cutting 
removing the sutures the inOammalion is very hkely to spread, 
the healing of the wound may be thereby very seriously inter- 
with. 

Straight needles may be best introduced with the fingers. 
red needles, however, especially when small and when the 
arc deeply seated, can be introduced with more ease and 
by means of particular kinds of needle-holders. Of these 
a great quantity, but of tliem all I am accustomed to use 
; one invented by Dieffenbach. It consists of a forceps 
art thick blades, between which the needle is firmly and 
ly held, and then passed through the skin in the direction of 
carve. This perfectly simple instrument is sufficient for almost 
I, and in a skilled hand is surpassed by no instrument of 
kind for security in holding and introducing the needle. Com- 
iostmrnenta are suitable for unskilful surgeons, says 
ich» in the admirable introduction to his ' Operative 
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Surgery/ the hand of the surgeon, and not the instrument, should 
operate. Practice and habit in the use of particular instruments 
cause one kind to be indispensable for one operator, and another 
for another. Thus, some find it inconvenient and troublesome to 
seize with the forceps the lips of the wound in order to approximate 
them, as I have just explained to you, though this method is far 
neater than holding them with the fingers ; to me this latter would 
be extremely inconvenient ; but it is quite allowable that every one 
should act according to his own manner and habit in the way 
which he finds most convenient. When I have to apply sutures at 
some depth, for example, in the velum palati, rectum, or vagina, I 
always use needles with handles. 

The number of sutures to be applied depends naturally upon the 
length of the wound ; as a general rule, sutures at a distance of one 
centimetre ('39 inch) apart are sufBcient, but where very exact appo- 
sition of the edges of the wound and fine cicatrices are particularly 
important, as in wounds of the face, the sutures must be closer, 
and there should be strong ones deeply placed, at a distance from 
the edges of the wound, alternating with finer ones involving but a 
small portion of the edge (Simon's double suture). 

The second kind of suture, the twisted, also called the harelip 
suture, is made by inserting a long pin with a lancet-shaped point 
through the borders of the wound ; this is allowed to remain, and a 
thread of strong cotton or silk is passed round it, as I now show 
you. You take the thread with both hands, place it i)arallel to and 
immediately above the pin, transversely, therefore, to the wound : 
draw the thread downwards over the apertures of exit and entrance 
of the pin, so as to approximate the edges of the wound exactly 
(this is the so-called Nulltour) ; now you change the threads from 
hand to hand, and with the right thread in the left hand you pass 
round the left projecting end of the pin from above downwards, and 
you do just the same for the right end of the pin, with the left 
thread in the right hand ; now you change the threads again, and 
make three or four similar so-called figure-of-8 turns ; then make 
a double knot, and cut the ends of the thread close to the knot ; 
lastly, with a small pair of cutting forceps made for the purpose, you 
cut ofiF both ends of the pin as may be required, to prevent them 
from pressing on the skin, but they must not be made so short as 
to cause any difficulty in withdrawing them at a later period. 
There is in addition a large number of other sutures, which for 
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the most part are only of historical interest, and which we here pass 
over ; in our chapters on special surgery we shall have to mention a 
few peculiar kinds of sutures, adapted for wounds of particular parts, 
such as, for example, the intestines. 

What now are the advantages of the twisted over the interrupted 
suture, and when do we employ it? These indications may be 
reduced to two factors, and the interrupted suture may be regarded 
as the simpler and more common. The twisted suture is employed,. 
I, when the tension of the lips of the wound is very considerable ; 
2 J when the flaps of skin to be united are thin and unsupported, 
where the skin is very loose ; in short, where the borders of the 
wound have a great tendency to inversion. The pins remaining in 
position give, in both cases, a more secure and firm support to the 
sutures, the pin acts in some measure as a subcutaneous splint for 
the edges of the skin ; they are supported by it and are also held 
more firmly in position by the numerous threads on the outside. In 
many cases in which sutures have to be closely applied ta 
the face, the interrupted and twisted kinds are used alternately; 
the latter serve to support the parts and resist tension, the former 
induce more accurate union of the borders of the wound already in 
position. 

When the bleeding has been stopped, and the wound accurately 
brought together, all has been done that is at first necessary. Let 
us now notice what goes on in the closed wound. 

Immediately after the edges of the wound have been brought 
together, they usually appear pale in consequence of the pressure 
exercised by the sutures upon the vessels of the skin ; more rarely 
the borders of the skin are dark blue in colour ; this always indicates 
great impediment to the return of blood through the veins, the 
cause of this being the loss of a portion of the blood-vessels. It is 
evident that the division of a large number of capillaries may very 
greatly disturb the communication between arteries and veins, so 
that at some point in the border of the wound the m a iergo may 
be insufficient for the venous current ; this dark blue colour of the 
borders of the wound most frequently occurs when the skin is very 
thin, or in cases where much of the panniculus adiposus has been 
removed, the veins of the skin emptying the greater part of their 
contents into the veins of this tissue. If this blue colour does not 
soon spontaneously disappear, a small portion of the edge of the 
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wound dies, a symptom to whicli we shall return whin speaking of 
contused wounds, in which it is of frequent occurrence. 

After a period varying from twenty-four to forty-eight hours, 
you find the borders of the wound often slightly swollen, and 
sometimes bright red ; these symptoms are certainly often absent, 
especially where the epidermis is thick ; but occasionally they 
spread, according to the extent and depth of the wound and also 
the tension of the skin, sometimes only two or three lines, and 
sometimes as many inches around the wound ; within this area, 
the usual so-called local reaction takes place about the wound, 
which becomes slightly painful, especially on being touched. All 
this may be best seen in children and women with a delicate skin. 
About wounds of the face we often notice extensive oedema, espe- 
cially of the eyelids; this often frightens beginners, but it is 
usually unattended with danger. In a not inconsiderable number 
of cases, if the sutures have not been apj)lied too tightly, not only is 
there no immediate subsequent change in the borders of the wound, 
but they remain unaffected until healing has taken place; this is the 
most favorable and the ideal proper course, and one which is more 
and more frequently noticed with our improved methods of union 
and treatment. 

The process which follows injury of the tissues, and by which 
also union of the flaps of a wound takes place, cannot be referred 
otherwise than to that category of mixed morphological and chemical 
changes of tissue which are comprehended under the designation of 
inflammation ; and indeed, in such cases, we speak of a traumatic in- 
flammation, that is, of an inflammation caused by an injury {rpavfAa). 
If, in twenty-four hours, these local symptoms have not extended 
ISO as to exceed the limits just indicated, you may at once consider 
that the process is running a normal course. It is a marked 
peculiarity of traumatic inflammation that it is strictly confined to 
the borders of the wound, and does not spread without special cause. 
From the third to the fifth day, any slight redness, swelling, pain, 
and increase of temperature which may possibly have been present 
in the injured part, will in great measure, if not entirely, have 
disappeared. If the symptoms increase on the second, third, and 
fourth days, or if some of them, such as severe pain and great 
swelling, become very marked at]this time, after apparent subsidence, 
or if they remain with increasing intensity beyond the fifth or sixth 
day, these are aU signs that the healing process is not pursuing the 



UHION OF WOUNDS — SCTDEES. 

jd-fot normal course. This will be especial!/ evident from the 
eneral condition of the patient. The whole organism is made to 
sympatlme by the abnormal increase of the inflammation. At the 
end of tiiis cliapter, we shail refer to this general reaction, " the 
wound-fever." At present we shall confine our attention to the 
condition of the wounded part. 

On the third day, often indeed on the second, you may carefully 

remove the pins of the twisted suture, supposing that you have also 

■applied the interrupted kind. The best way to do this, is to seize 

the pin with Dieffenbach's forceps, which I have already brought to 

jour notice ; you then withdraw it with a gentle rotation, while you 

fix the twisted threads by laying your finger iightly upon them. 

The threads usually remain as a sort of clamp npon the wound, to 

which they are attached by some coagulated blood ; they afterwards 

loosen spontaneously. By forcibly tearing away the threads you 

would unnecessarily strain the wound, and possibly tear apart the 

J. -recently united edges. If at this time we carefully feel the edges 

I the wound, we shall find them, supposing that the oedema has 

i^dready subsided, somewhat firmer than the healthy parts around ; 

' this state of firm iniiltration disappears in a few days. 

If you have applied many interrupted sutures, you may remove 

some of them that have little to hold, on the third day, others on 

e fourth and fifth days ; only at those parts where the tension is 

r great, you may, as an exception, leave the threads for eight 

^a or more, or even allow tliem to cat their way through the edges 

' the wound, if there is any real use in keeping tegether the 

irders of the wound which may perhaps he still gaping in some 

If, at an early period, the extension of the inflammation 

the normal amount, earlier removal of the sutures is 

ssary, lest the irritation should be increased : not unfrequently 

lod decomposing or mixed with pua is found at the bottom of the 

Lfidi and is the cause of the unusual symptoms of irritation ; more 

{ this by-and-by. 

In removing the interrupted sutures, the following small pre- 

mtaons must be taken : cut the thread on one side of the knot, 

Kwhere you can most readily pass the tliin blade of the scissors under 

"I, without in any way stretcliing the wound ; then seize the thread at 

e knot with a dissecting forceps, and draw it out towards the side 

Mere it was divided, so as not to separate the edges of the wound 

ft taking out the thread. 
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Should yoa think^ after removing the sutures^ that the adhesion 
of the wound is still too weak to prevent the flaps from gaping, you 
may, by applying strips of English plaster, which you place trans- 
versely over the wound between the openings of the sutures, and 
fixing the ends (avoiding the wound) with collodion, give additional 
support for a few days ; this will suffice to prevent any strain upon 
the edges of the wound, such as unavoidably occurs in injuries of 
the face, from the movements of the muscles in expression. 

In from six to eight days the majority of simple incised wounds 
are sufficiently united to keep together without any further support ; 
indeed, in many cases, this occurs between the second and fourth day. 
If, in the course of the following days, the blood which may have 
coagulated about the wound be carefully washed off, the young 
cicatrix appears as a fine red streak, as a scarcely visible fine line. 

The process which we have just described is called healing of 
wounds hy the first intention. 

In the course of the next few months, the cicatrix loses its redness 
and hardness, and finally becomes perceptibly whiter than, and just 
as soft as the skin, so that for many years it continues to be recog- 
nised as a fine white line. It often disappears almost entirely 
after several years. Some of you who leave the university with many 
very visible cicatrices on the face, may comfort yourselves with the 
hope, that they will be scarcely visible in six or eight years, when the 
Philistine visage will become you less than it does a student. Tem^ 
pora muta7itur nos et mutamur in illis f 
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LECTURE V. 

Inflammation. — TJie more minute processes in healing hy the first 
intention, — Dilatation of the vessels in the neighbourhood of the 
wound. — Fluxion. — Different views regarding the causes of 
fluxion. 

Gentlemen, — You are now acquainted with the changes visible 
to the naked eye, which take place in the wound while it is healing ; 
let us now endeavour to examine the processes that develop them- 
selves in the tissues from the time of injury until the formation 
of the cicatrix. For a long time attempts have been made to study 
and distinguish these processes more minutely; for this purpose 
wounds have been made on animals, and examined at different 
stages, but it is only the most exact microscopic examination of the 
tissue and direct observation of the changes after injury, that have 
enabled us to give a complete description of the healing process. I 
will endeavour to give you in a few words a distinct account of the 
results of these investigations, to which I have devoted much 
special study. 

The interesting results, obtained in the manner above alluded to, 
have essentially contributed towards accustoming us to understand by 
" inflammation" mainly that succession of changes which may be 
perceived in the tissues on microscopical examination. We have 
recently become accustomed to regard these morphological pro- 
cesses as the absolute essence of the process of inflammation, and 
even to attach the term *^ inflammatory process" to the accession 
and typical subsidence of these histopoetic processes. I should not 
like to diminish your interest in these subjects at present, but the 
prevailing current opinions make it necessary for me to remind you 
beforehand, that — as in all organic growth, and in every change and 
process for the maintenance of the tissues of the body — the form 
which this takes, the smallest as well as the largest, is always the 
product of the chemical and physical forces inherent in the actual 
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material of the tissues ; the inflammatory process is, like every phy- 
siological one that occurs in the body, of a chemico-physical nature ; 
itself, we never see, even with the best microscopes ; it is only the 
results of its action that are visible to us. These results, destruc- 
tion and formation of tissue, have much that is peculiar, especially 
in their typical course, but their limits are as wide as life and death; 
the tissues may perish in an instant, or may be chronically diseased 
for years ; of two new formations of exactly similar structure, one 
may have sprung up in a few days, the other may have required 
several months for its development ; totally different causes may 
induce new formations of tissue having an extraordinary resemblance 
to each other. Were it not that I feared to confuse you, I would 
here eifter more minutely into the difficulties which always present 
themselves whenever we treat of inflammation in general. Let me 
therefore now go at once into detail ; later on we will return to the 
description of inflammation as a whole. 

The changes which occur after injury of the different tissues are 
particularly manifest in the blood-vessels, in the injured tissue 
itself, and in its nerves. The influence of the nerves upon the in- 
flammatory process, and of this latter upon the former, is unfor- 
tunately still surrounded by so much that is obscure that we shall 
not consider it. We must at once dismiss, as at present unanswer- 
able, the question whether the finest nutrient (vaso-motor) nerves, 
which lose themselves in the various tissues (for the question at 
issue can only concern these) exercise any immediate influence over 
the processes which become developed in the injured tissues and in 
the vessels themselves; the more so because up to the present time 
there are but few parts of the body in which the ends of the nerves 
have been recognised with certainty, while for other parts we 
are quite in the dark, and we have no kind of knowledge as 
to the manner in which the nutrient nerves act, and just as 
little as to the relations of the ends of the nerves to the capillary 
vessels. In the lectures on physiology and general pathology your 
attention will have been already called to the imaginable possibilities 
and probabilities on this subject. If, therefore, in what follows, we 
say little about the nerves, it is because we know nothing of their 
action in this special process, not because we wish to deny their 
influence. 

Let us take for an example the simplest tissue ; let us suppose a 
vertical section through connective tissue^ with a closed capillary 




m 



An incieion is now made from above downwards into the tissue, 

the capillaries bleed ; the bleeding soon i^tops, the itound is acca- 

itely anited, no matter by what means. Now, wbat are the prin- 

cbanges that take place here ? 
The blood coagulates in the capillaries to about as far as the 
,t bmnching — to the next point of intersection of the capillary 
;worlc. Some coagulated blood almost always remains between 
edges of the wound (Fig. 2) . Of the channels for the circulation 
OUT diagrsm a few have become blocked up; the blood has to 
accommodate it^lf to this, and escape by the existing by-paths 
around the wound. It is obvious that it does this under greater 
arterial pressure than before. This pressure becomes greater, the 
greater the obstruction to the circulation, and the less namerons the 
by-paths (of the so-called collateral circnlation). The result of tliia 
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increased pressure is tlie distension of tbe vessels, lience tbe redness 
in the neighbourhood of the wound and partly, also, the swelling. 
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Aq incision made Closure of capillar ea b; blood elot Collateml distension 
A diagram Mngmbed 350 to 400 d imcters 

This latter symptom has, however, another cause. The more tbe 
walls of the capillaries are distended the tlunner they become ; even 
nnder ordinary conditions of pressure, with normal thickness of their 
walls, they allow blood plasma to pass through to nourish the tissues, 
and now under increased pressure more plasma than hsubI will p 
through the walls, saturating the injured tissue, and becoming 
mbaorbed by the latter by reason of its capacity for swelling. 

You have here in a few words the explanation of the clmnges 
sometimes externally perceptible in the borders of the wonnd 
immediately after the injury ; the redness and increased warmth due 
to tbe rapid development of the collateral circulation by reason of 
which a greater volume of blood circulates through the vesseb near 
the Burbice ; the sweDing of the borders of the wound is caused by 
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pie cltstensioD of the vessels and the awelling of the tissues, which 
Igain produce shght compression of the nerves, and thereby some 
amouiil of pain. 

Tbia, as it seems to me, exceedingly simple mechanical explana- 
tion would be of considerable valne if it fully accounted for the 
entire subsequent course of the process, and could be applied to all 
inflammations which are not of a traumatic or mechanical origin. 
This, however, is not the case. Neither the great vascular dis- 
tension that occasionally occurs some time after injuries, and maui- 
feslB itself in diffused redness about the wound, nor the capillary 
dilatation which exists from the first in inflammations of spontaneous 
origin, can be referred to mechanical impediments of the circulation. 
If the disturbance of circulation, due to the incision, is only incon- 
siderable, readjustment speedily takes place ; such so-called passive 
hyperemias stop short of "inflammation." Their extension is very 
closely connected with mechanical conditions, whereas the redness 
in advancing inflammation often spreads beyond the immediate 
sphere of the mechanical impediment to the circulation ; only when 
the capillary distension is connected with couditions of irritation of the 
tissue, and eventually induced thereby, are we accustomed to make 
n«c of the term " inflammation." There are various kinds of irri- 
tation which produce dUatation of the capillaries. Let us now take 
mechanical irritation. You see, for example, my ocular con- 
junctiva of a pure bluish-white colour, like that of every normal 
eye. Now I rub the eye freely, so that it weeps ; look at it !^ain, 
the coDJuuctiva becomes reddish, perhaps with the naked eye you 
way see distinctly some of the larger blood-vessels, with the lens 
I jou will see also the finer vessels filled with blood. After, at most 
^five minutes, the redness has entirely disappeared. Look again into 
D eye where a small insect has accidentally got under the eyelids, 
a is constantly happeniug ; the person rubs his eye, the eye weeps 
■>and becomes very red, the insect is removed, and iu half an hour's 
e you will probably see nothing remarkable about the eye. If 
I wich irritants were to continue to work, acute inflammation would 
[jbe the result. 

We shall now only attend to the symptoms connected with the 

; these originate suddenly, and as rapidly disappear, because 

e irritation has ceased ; there was no mechanical impediment to 

circulation. What is the immediate cause of these sym- 

la ? Why do not the vessels contract instead of dilating ? These 
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questions are as difficult to answer as the observation is easy to 
make^ and to be repeated over and over again with the same resultst^ 
The fact itself has been known as long as observations have been 
made ; the old sayings *' Ubi stimulus ibi affluxus" refers to this. 
The increased flow of blood is the answer which the irritated vascu-^ 
lar part gives to the stimulus. 

Formerly, the process which induced this kind of redness was 
called active hyperemia or active congestion, Virchow took up 
an older name^ and brought again into use the term ^fmon or 
congestion {Fluxion^ Wallung), 

You will now be in a position, assisted by your knowledge of 
general pathology, to recognise the fact that what is required here 
is to give a theoretic explanation of phenomena, which through all 
time have formed one of the most important objects of consideration 
in medicine. Astley Cooper, a very celebrated English surgeon, 
whose works you will read with pleasure in time to come, when you 
take up the study of monographs, a thoroughly practical surgeon, 
commences his lectures on surgery with the following words : '' The 
subject of our present lecture is irritation, which, as it is the 
foundation of surgical science, you must most carefully investigate, 
and clearly understand, before you can expect to be masters of the 
principles of your profession, or to be able to practise it with 
credit to yourselves, or with advantage to those who may place 
themselves under your care.'* 

This will show you what part the questions now under considera^ 
tion, which may possibly appear to you as superfluous amusements 
o( the mind and imagination, have played at various times ; you 
will hereafter learn from the history of medicine that entire medical 
systems of the greatest importance, are based on hypotheses thai 
were constructed for the explanation of these phenomena in the vessels^ 
and of this irritability and excitability of the tissues in general. 

This is not the place for an exhaustive account of the history of 
this subject, I will only remind you of a few hypotheses which have 
been lately advanced, with the already-existing knowledge of the 
vessels and parts visible by the aid of the microscope, with regard 
to the production of vascular dilatation from irritation. 

You know from histology and physiology that arteries and veins^ 
before they pass into capillaries, have muscular fibre cells, partly 
transverse and partly longitudinal, in their walls ; that these fibre9- 
are more scanty in veins than in arteries, although there are very^ 
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great dJITerences in this respect. Now, altliough it may be very 
ilifficult to makr direct observatioDS as to the efTect of irritation oa 
minute arteries and veins, it is very ea^y to see its etTects on 
intestines, where we have essentially l.lie same conditions, viz. a 
tube provided with longitudinal and transverse muscular fibres. 
But, irritate the intestine as yoa may, yon wiU never cause dilata- 
tion at the spot where the stimulus is applied, but only a shortening 
or constriction, and consequent motion of the contents of the intes- 
tine, the rapidity of which will depend upon tbe frequency of the 
repetition of the contractions. But is it possible that dilatation of 
the capillftries should be induced by such increased rapidity of 
motion of the vessels and of the blood? Certainly not. In the 
' General Pathology ' of Lotze, the celebrated medical philosopher 
of Gottingen, you will find a few remarks that are so trenchant, and, 
like all the chapters on this subject, so excellently illustmte the 
brilliant genius and critical acumen of this author, that I shall make 
iise of the imagery he employs. His remarks are: " Fathologisls 
'ho seek to explain congestion by increased contraction of the 
me the thankless task of the Danaides, they cannot 
produce the stopper which prevents the escape of the blood ihat is 
pumped in with so much difficulty. Overfulness results, if in tbe 
space of time more is introduced and the same amount as 
before escapes, or if the same quantity is introduced and less escapes, 
we now suppose a portion of a vessel to contract more actively and 
shorter intervals, it will bave as little iufluence in causing 
ireased alBux or diminished effiux of blood as the stamping of a 
person in a stream would have in regulating the amount of wiiter." 
This sufficiently refuted hypothesis, that the dilatation of the 
capillaries resulted from a more rapiil and energetic contraction of the 
at least founded on known observations, but Lotze's 
n explanation, on the contrary, is so far from all analogy that we 
unable to attach any value to it. Lotze's opinion is, that there 
w no objection to the assumption that the capillaries are affected 
ditferently from the arteries by irritation, that they may by nervous 
influence ex|>and actively on irritation, by their molecules separating 
im each other. This opinion is a thoroughly arbitrary assumption, 
1o some extent opposed to recent obsen-ations. It is well known 
with the microscope we can follow the circulation of the blood, 
lUi in the smaller arteries and veins, as well as in the capillaries in 
web of the foot, in tlie mesentery, and in the tongue of the frog. 
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or in the wing of the bat ; but the immediate effect of a slight che- 
mical or mechanical irritant does not show itself immediately in the 
-capillaries, but first in a contraction of the smallest arteries, some- 
times also of the veins ; generally this contraction passes off very 
rapidly^ lasting scarcely a second^ indeed it often escapes observation 
altogether, and we then assume that the duration and degree of the 
contraction are too slight to be measured by our observation. This 
brief contraction is then followed by the dilatation, the immediate 
xjause of which is obscure even on microscopical observation. We 
shall soon see that we get no help from this explanation ; but that 
the fluxion is the result of a kind of paralysis of the capillary walls, 
active as this symptom may appear. Even the most recent, ex- 
tremely interesting observations of Golubew, who had the kindness 
to show me that the capillaries of the nictitating membrane of the 
frog contract transversely when exposed to strong electric shocks, do 
not appear to me, as far as I have considered the matter, to be at 
present perfectly applicable to the question of fluxion. 

Virchow supposes that the excitement, the immediate cause of 
which may certainly be the contraction, is followed by rapid fatigue 
of the muscles of the vessels ; after a tetanic contraction there is 
relaxation, just as in irritated nerves and muscles, a view which may 
find some support in a communication from Dubois-Beymond with 
regard to the painful tetanus of the muscles of the vessels of the 
head as a cause of headache on one side, a so-called hemicraniaj 
since this supposed tetanus of the muscles of the vessels, dependent 
upon great excitement of the cervical portion of the sympathetic 
nerve, was certainly followed by their relaxation and great distension 
of the vessels, in short, by symptoms of cerebral congestion. 

But in this view, which, it is true, explains the relaxation or 
temporary paralysis of the walls of the vessels following the 
contraction, and a consequent decrease of their resistance to the 
pressure of the blood, we must not forget, that it is by no means 
proved that the muscles of the vessels, once irritated and excited to 
rapid contraction, are indeed immediately paralysed, while this fatigue 
in other muscles usually occurs only after long repeated irritation. 
We should be obliged indeed arbitrarily to assume that the muscles 
of the vessels are particularly easily fatigued, but this is controverted 
by experiment. You know from physiology, that Claude Bernard 
has proved that the contractions and dilatations of the arteries of 
the head are under the influence of the cervical portion of the 
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Bpatlietic nerve, as 1 have already pointed out to you. If the 

Kr cervical ganglion of this nerve be irritated, the arteries 

if the nerve be divided, dilatation, (paralysis) of the 

ries and capillaries is the result. These experiments may, as 

[ BB regards the irritation, be again and again repeated without 

tdacing fatigiii' of the muscles of the vessels, proi'ided Ihat the 

BtHcal current be not too strong ; hence it may well follow, that 

k arc unable to accept nnconditionnlly the assumption of an 

mediate fatigue after a single irritation. SchilT, however, like 

tee, supposes that an active dilatation of the vessels is possible ; 

■'thinks that this necessarily follows from certain experiments ; the 

ihanism of this, however, is to me utterly mcomprehenaible, for 

e are ccxtaiuly no muscles that can actively dilate the vessels. 

f If the veins alone contracted strongly on being irritated, filling 

of the capillaries would doubtless occur as a. conse([uence of the 

obstruction, and there would then be no diifereuce between venous 

{passive) hypereemia and fluxion. This assumption is, however, quite 

untenable ; for it is quite inconceivable that the veins alone should 

contract on inllammatory excitement. Timt the veins do contract 

on mechanical irritation you may see, for example, ia the femoral 

vein of a thigh which has just been amputated, to which Virchow 

draws particular attention, and this irritability of the walls of the 

veins cert^nly lasts longer than that of the nerves. 

Heule some time ago advanced the view that the phenomena of dila- 
tation of the vessels from irritation were directly caused by paralysis 
f their walls ; Lotze, on the other band, opposes this view and asserts 
it it cannot be supposed that the muscles should all be paralysed in 
i in a violent state of irritation, in whom all the muscles are 
e and the face glowing red, but this objection does not seem to 
I to be very tenable, and Lotze's other objection does not appear 
fine to hold good; he says, "how shall we account for the 
leness, the contraction of the vessels that occurs in fright and 
terror? Does that look like violent muscular action if redness in 
anger and shame can be the effect of paralysis ?" In my opinion, 
this proves nothing. In a terrified man, the moscles of the vessels 
may be thrown into a tetanic condition, which is usually rapidly 
followed by fatigue of the same muscles ; immediately after a great 
I fright we generally feel the blood pouring into our cheeks, directly 

we begin to breathe deeply, and recover from the shock ; we soon 
become red and, at first, iudeed, redder than is pleasant, and certainly 
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it not unfrequently happens that the pallor in many men from fright 
is often overlooked, and only the subsequent redness perceived. 
This explanation, moreover, may suffice for the paleness in terror, as 
well as for the phenomena of " shocV of which we shall speak 
when describing the effects of crushing injuries upon the body. 

But apart from these objections, how can we imagine that the 
irritation of a nerve can produce an active, directly paralysing effect ? 
Physiology, in fact, makes us acquainted with such phenomena as, 
for example, the obstruction of the heart's action from irritation of 
the pneumogastric nerve, of the movements of the intestines from 
irritation of the splanchnic nerve, &c. We assume here the exist- 
ence of an inhibitory nervous system, which arrests the con- 
tractions of the muscles ; could not there also be such an inhibitory 
nervous system for the vessels, i. e, nerves, the irritation of which 
suppresses the tone of the muscles of the vessels, and thereby renders 
the walls less capable of resisting the pressure of the blood ? The 
whole theory of the inhibitory nerves is so exceedingly difficult to 
explain, that even a brief exposition of the probable possibilities of 
the process would lead us too far. I must therefore content myself 
with having called attention to the analogous physiological processes. 
Virchow and Henle agree in the view that the phenomena of fluxion 
depend upon paralysis of the vessels, although these learned men 
differ as to the origination of this paralysis. Generally speaking, the 
view is becoming more and more predominant that the muscles of 
the vessels, like those of the heart, are under the influence partly of 
sympathetic, partly of cerebro-spinal nerves, and that the former 
cause the rhythmical (automatic) contractions of the vessels, while 
the latter regulate and obstruct these contractions. Irritation of the 
sympathetic fibres would increase the contraction of the vessels. 
Their division would be followed by paralysis of the muscles of the 
vessels and vascular dilatation, but the latter phenomenon might also 
be caused by irritation of the inhibitory cerebro-spinal nerves. 

The discovery by Aeby, Eberth, and Auerbach, that the blood 
capillaries are composed entirely of cells, might give rise to new 
hypotheses with regard to the irritability of the capillary cells, and 
their influence upon the dilatation and narrowinp^ of the capillaries 
although even this would not solve the mechanical difficulty which 
opposes the notion of an active vascular dilatation. In the action of 
local irritation, and perfectly local dilatation of the vessels, we may 
adopt one of two theories^ either that the irritation disturbs directly 
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the function of the nerves of the vessels, or of the living cell- 
substance of the capillary walls, or that this disturbance is due to 
reflex action. The investigators who have in most recent times paid 
continuous attention to these subjects, allow that the protracted 
capillary dilatation in acute inflammation is dependent upon changes 
of the capillary walls, which may be the immediate efiect of the 
inflammatory irritation. Cohnheim thinks that the inflammatory 
irritation alters the walls of the vessels in such a peculiar way that 
they not only become more yielding to the pressure of the blood, 
but also softer; to this, however, we shall refer later on. Samuel 
finds that inflammation essentially consists in alteration of the 
relations subsisting between the blood, the wall of the vessels and 
the tissues. It is not at present possible to give a more definite 
account of the chemical and physical modalities of these changes of 
the vascular walls which are only known to us by their conse- 
quences. This theory is so far an advance against Lotze^s view, 
according to which the molecules of the capillary walls should 
separate from each other upon their nerve being irritated, as there 
does not appear, generally speaking, to be any nervous action in 
producing the capillary dilatations in the acute inflammation under 
our notice; this agrees also with the statements of Schiff^ already 
alluded to, that the vascular dilatations which occur after division of 
the sympathetic are neither in themselves inflammation, nor do they^ 
as a matter of course, induce inflammation. 

You have now enough material to ponder over ! No one of all 
the hypotheses which have been brought forward can lay claim to 
be a really complete explanation of the phenomenon of fluxion, 
though many of them may possibly contain the germ which may in 
time become perfectly developed. The recognition, however, of 
this truth, the separation of hypothesis from observation, is useful ; 
it does not obstruct the ever progressive spirit of inquiry, but con- 
tinually reinvigorates it ! Congratulate yourselves, that it is per- 
mitted to you and the coming generation to follow up this subject 
until it becomes perfectly clear. We now leave this question, and 
in the next lecture shall study the effect of the wound upon the 
injured tissue itself. 
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LECTURE VI. 

Changes in the tissue during healing hy the first intention. Plastic 
infiltration* Infiammaiory new formation. Development of 
the cicatrix. Anatomical indications of tite process ofinflamma" 
tion. Conditions, under which healing by the first intention 
does not occur. Union of parts that have been completely 
separated. 

The dilatation of the capillaries and the exudation of the serum 
of the blood, usually accompanying it, which we have hitherto 
recognised as the proximate effect of the wound, cannot of course by 
themselves produce organic union between the two flaps of the 
wound which are brought into apposition ; changes must take place 
on the surfaces of the wound, by which the latter become dissolved 
to some extent and blended into one ; just as you make two ends of 
sealing-wax soft by heat, in order to fasten them together, so here 
the substance itself must become the connecting material if there is 
to be a perfectly firm and intimate union. This is, in truth, the 
final result of every healing process, both in the soft parts, and in 
the bones, although at times the course is somewhat circuitous. 

Let us keep in mind the above diagram and suppose that only 
connective tissue with vessels has been injured, and that the ques- 
tion at issue is a reunion of this substance. Connective tissue con- 
sists, as you know, of cellular elements, and intercellular substance 
which generally appears fibrous. The cellular elements are partly 
the stable, ^a:(?rf, long-known connective tissue corpuscles, that is, 
flat, nucleated, cellular bodies with long prolongations, which lie 
close to the connective tissue bundles, partly, the wandering cells 
discovered by Von Recklinghausen, which are identical in form, 
species, and vital peculiarities, with white blood cells and lymph 
cells, probably originate for the most part in the lymphatic glands, 
pass into the blood through the lymphatic vessels, occasionally 
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Pwaoder out of the cnpiltaries and fine veins into the surroun<liDg 
tissue, there to become fixed tissue cells, or again enter into the 
ljm|)halics (oa observed by Hcring) and blood-vessels, or undergo 
luelamorphoses not yet discovered. 

If the tissue of the flaps of the wound be examined some hours 
after the injury, it irill be found quile full of wandering ceils. 
These increase enormously from hour to hour, they infiltrate the 
fibrous tissue already softc-ned by swelliTig, and even wander across 
from one flap of tbe wound to the other. While this is going on, 
the connective- tissue intercellular snbstauce of the tlaps of the 
"wound gradually becomes converted into a homogeneous adhesive 
substance; with the increase and accumulation of the cells, the in- 
ten'^Jlular snbstance perishes, being probably consumed by these 
ells, so that a time soon comes when the surfaces of the wound in 
isition consist almost entirely of ceUs, which are held together 
J a very small quantity of intermediate tissue, which subsequently 
s firmer, and at last fibrous. The adhesive substance, which 
is aitnated partly in the tissue and its interstices, partly between 
the flaps of the wound, this organic wound-cement (fruitdkitl) 
jrhicli soinelimes in twenty-four hours holds the flaps of the wound 
p firmly together that they can be torn asunder only with difficulty, 
■ probably flbriiie. 

, In the sketch below (I''ig. 3) of the former diagram now further 

tveloped, you see in section the wound surfaces now united by 

wly formed tissue, which once for all we shall term ivj^amntalori/ 

ae /hrmation or primary cellular tUtue. Vircliow calls it granu- 

u tissue ; Kindfleisch, germ tissue. Tlie inflammatory new for- 

ttlioQ is preceded by a condition in which the still filamentary 

loimectivc tissue is bililtrated with very numerous wandering cells, 

I state which may easily again become normal by reason of the 

Fatrophy of these cells, or by their wandering back into the vessels. 

fjllia stage of cellular or plastic infiltration, in which the tissue is 

I firmer to the touch than in serous infiltration, is always present, 

I Init in very varying degrees, and in very unequal distances at the 

I edges of the wound, and it is often demonstrable only with the aid 

I'of the microscope. The development of inflammatory new forma- 

^ilion from the plastic cellular infiltration can always be followed in 

fWery specimen of recent wound flaps by making microscopical 

f taaminatinn from the normal tissue towards the wound. 

Tlic injury represents au inflammatory irritation, the cfl'cct of 
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which, as a rulcj scarcely extends beyond the immediate vicinity ot 
the irritated portion, and then very rapidly diiainishes. 

lu the vast majority of easea there will be at Ipaat a slight layer 
of coagulated blood between the Hops of the wound ; this extends 
also somewhat into the interstitial tissue of tbe flaps. Such a coa- 
gulum may interfere with the healing, as when from its extent, or 
other causes, it decomposes, or when it becomes converted into pus ; 




Din^iu represeoting llie sutfocea of Uie wound united b; iuflftmmalor; neir 
formation. Plastic infUuiition of tissue. New formation of vessels. 
MagniGeii 300—400. 



but it may without suppuration become cicatricial tissue and com- 
pletely blend with the new formation in the Haps of the wound, or 
it becomes absorbed, having previously assisted in tbe mechaiiiCiil 
adhesion of the wound. One of these two last eventa must occui 
for union by the first intention to take place. We shall hereafter 
describe how this comes to pass, and speak uf tie changes that tile 
coagulated blood undergoes during this process. 
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We must now deal with the question, whence come the JDnu- 
merahle wanderiag cells that infiltrate all infiameil tissues imme- 
(liatrly after their irritation, as they do here the tissue of the flaps 
of the wound? Very recently this question has been explained in 
the following remarkable manner, which ten years ago would have 
been at once considered as the fancies of a visionary. Cohnheim 
made the following extraordioary observation: he introduced finely 
pulverised aniline blue into the lymph-sac of the back of a frog, 
then irritated the coruea of the animal ^ith caustic and found that 
n number of wandering cells (lymph-pus cells) containing aniline, 
gradually collected at the cauterised spot ; hence the conclusion : at 
an irritated spot while blood -corpuscles wander from the vessels 
into the tissue; these white blood-corpusclea form the inflammatory 
cellular infiltration. After Strieker had first de-scribed how, in the 
nictitating membrane of the frog just removed, he had witnessed the 
passage of red blood cells through the capillary walls, Cohnheim 
made the further observation on the mesentery of the living frog, 

kt the white blood-cells wander into the tissue through the walls 

the vessels, and he remarked in addition that this occurred to a 

Tery great extent in the dilated capillaries and veins when the iu- 

tlammation became increased by the drawing out and exposure of 

the mesentery. Although it afterwards appeared that an English 

observer, Aug. AValler, had already, many years previously, made 

imilar observations on the mesentery of the toad and the tongue of 

frog, yet the works of the German observers, Strieker, von 

.linghausen, and Cohnheim were quite independent of his, and 

Cohnheim belongs the undivided honour of having correctly 

iogniaed the importance of his observations on the inflammatory 
:esse;, which he has constantly ampliticd up to the present time, 

id of having presented them in a way which will greatly afl'ect and 

ipreaa all modem pathology. (Fig- 4.) 

It is difficult for you, gentlemen, to imagine what an extraordi- 
nary impreesion these recent observations, which I have put before 
you now as simple facts, produced upon all histologists, because 
you are not acquainted with the former point of view from which 
tile origin of inflammatory new formations, and also that of compli- 
cated organised growths, was regarded. In accordance with earlier 
observations our ideas on this subject were somewhat as follow?. 
It was assumed, that the cells of the connective tissue, of which only 
kind, the fixed, was known, increased greatly by division as n 
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eonsequence of irritation, and that cellolar infiltration thus lesnltcd 
in acute inflammation. Place jourselves in imagination a few years 
^ack, at a time when nothing was known of the vital properties 
of young cells, of theii amoeboid and locomotor actions, and we 
were only taught to deduce the course of the pathological processes 
from varions stages of the diseased, but perishing tissue, as still is 
the normal process of development ; you will then readily nnder- 
atand that it was concluded without hesitation that the cells lying 
elosely packed together in the inflamed tissne were formed ont of 

Fig 4 




Yein and capillaries, from tbe niesenterj of the frag, vliich bad been eipoaed 
for several houra. Red blood-cells in circulation. Lateral positian of 
wbite blood-cells which are seen wandering into the loose conneotive 
tissue of the Dieicntciy. Magnified about 300 diameters. 



each other. This was, even, a great advance, which was only 
possible after the overthrow of the theory of equivocal gmeTation ; 
for not long before, the opinion was firmly held that cells and 
tissue were produced from lymph-fluid, coagulated blood, and coagu- 
lated fibrine. The first observations on the divisions of cells in 
consequence of abnormal irritation, were made in England on carti- 
kge by Eedfeni ; these were followed by the observations of Yiichow 



INil>UIMATOBT NEW FOEUAHOH. 

His upon the inflamed coroea. It was seen in both cases that, 
''lifter cauterization with nitrate of silver, or after the introduction of a 
flcton, the tissue was filled with yoang cells ; in the original cells of 
the tissue, finger-biscuit shaped, then double nuclei, were seen, which 
ippoaed to indicate a division ; youngcells were seen Ijing to- 
ler in groups, whose origin from the tissue-cells appeared quite 
Hence arose the idea that inflammation was a process in the 
les, which, dbectly independent of the vessels, was connected with 
a rapid luxuriant proliferation of the tissue-cells, with partial soften- 
ing and disintegration of the intercellular tissue. Von Reckling- 
hausen's discovery of the two kinds of cells to be found in connective 
tissue, as well as his discovery of the various movements of the 
piis-cclls, might well raise the question, whether the proliferation of 
the cells in irritation of Ihc tissue resulted from the fixed or 
movable connective-tissue corpuscles, but this matter was not dis- 
cussed. Observations, however, were heaped upon observations, and 
re are now in the position to consider it in the highest degree pro- 
ilc, that all young cells, which, in the beginning of inflammation 
Lbnonnalty in the connective tissue, are wandering white 
Hood-celle. This view is not assented to by all the observers who 
have lately paid attention to these questions ; there is still a ccrt&in 
inclination in the minds of many to attribute to the stable cl'IIs of 
the connective tissue a share, ns formerly supposed, in the acute 
ess of suppuration. Von Recklinghausen expresses himself 
reservedly on this point ; f^tricker adheres to the view, thiit the 
^'rtsble connective-tissue cells, and those of the cornea, become lillcd 
on irritation with new plasma, that ihey increase by subdivision, aud 
assist in the formation of the ))us-cells, without in any way denying 
the wandering of the white blood-cells. Cohnheim, Key, Eberth, 
others, have expressed opinions contrary to the correctness of 
; observations, or rather, against the correctness of the inter- 
pretation of the phenomena observed by Strieker. Tlie observations 
in qui-.stion are so troublesome, so diilicult, take up so much time, 
snd are so confusing in their interpretation, that one cannot wonder 
thftt such apparently simple questions do not admit of a rapid 

It is evident that in view of the numerous fallacies to which the 
(t distinguished investigators of this interesting subject are 
I, it is only with the greatest circumspection that any gene- 
ly important propositions can be laid down. M'ith regard to tlie 
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inflammatory changes in connective tissue, so far as my observationa 
and critical investigations extend, I may venture to support the 
account given in the preceding paragraph. As far as regards carti- 
lage, the views formerly adopted have at present undergone no> 
change. Inasmuch as the hyaline substance of the cartilage pos- 
sesses no canals through which cells can pass, we can scarcely da 
otherwise than assume that the increase of the cells in the cartilage 
cavities, occurring after irritation, is produced by division of the 
protoplasm of the cartilage cells, preparations of which I will lay 
before you hereafter. It is true that this hyaline cartilage has not 
been observed for successive days in a state of life and irritation, 
and therefore this observation is of somewhat inferior importance to 
those on living connective tissue. But there is no such acute sup- 
puration-process in hyaline cartilage, nor any such purulent infil- 
tration as occurs in connective tissue. With regard to the con- 
nective-tissue cells and those of the cornea, I must make this further 
assertion, that I consider a capacity for renovation and prolifera- 
tion to be probable, except for those cells of these structures whose 
protoplasm is metamorphosed up to the nucleus in the tissue^, 
consequently into the stable connective-tissue corpuscles and those 
of the cornea of such adult animals whose tissues may be com- 
pared with those of the human species. It has never been dis- 
puted, that the protoplasm, where it still exists as such in the 
cells, therefore in the still growing tissues of young individuals, may 
also as such increase and divide when acted on by certain irritants ; . 
possibly many differences in the views above alluded to may have 
their origin in the non-observation of these conditions. Similar 
conditions are apparent in the epithelial structures ; yet it has never 
been asserted that the cells of the perfect epithelial tissues, the 
elements of the liair, of the nails, of the horny layer of the epidermis, . 
the most superficial layer of scaly epithelium, can proliferate and be* 
restored by irritation, whereas the continuous increase of the 
younger elements of these tissues is a physiological necessity for 
their growth, and cannot be denied. There is here only this 
difl'erence, that the growth of these epithelial tissues goes on during, 
the whole of life, whereas the growth of the connective substance 
only continues up to a certain period of life, and in this latter 
structure, after the subsidence of growth, no young tissue- 
elements, with the exception of the wandering cells, are to be 
discovered. 
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I If there can no longer be any doubt, thnt by far tbe greater 

a of young cells wliich infiltrate the inQamed tie!<ue, aod 

,, uuder certain circumstances as we shall afterwards see, escape 

ifrom in tJie form of pus, are white blood-cells, or as we 

ttpress it briefly, wandering cells, we have two questions before ns, 

namely, why do so many cells wander into the inflamed tissue, and 

how do these often so enormous masses of wandering cells come 

into the blood, where do they originate ? There are various opinions 

with regard to the escape of the wandering cells through the walls 

of the vessels. My own view is as follows : the first change that we 

ill living tissue in a state of inflammation is dilatation of tbe 

Is, this is immediately followed by increased transudation aud 

imulation of white blood-cells in the peripheral layer of the 

calibre of the vessel. The wall of t!ie vessel now gradually becomes 

softer, through a chemical process in every inflammation whose 

action is at present unknown, so that the white blood cells by reason 

of their active movements gradually push themselves into, and finally 

through, the walls of the vessels. Enlargement of the vessels, 

lateral position of the white blood cells, and softening of the vascular 

wall, appear therefore to me to be the necessary requirements for 

the extensive wandering of the cells. Recently, Cohnheim and 

Samuel have expressed simitar opinions. Whence come the enormous 

quantity of white blood-cells, which escape in inllammation, is a 

for physiology, and one which can only be answered by 

it science. Lymphatic glands and the spleen are the organs 

rjiich first occur to us as possible sources, although it cannot bo 

ved that with this enormous escape of cells there is also necessarily 

extensive formation of lymphatic cells, yet this is extremely 

probable, and as we know from clinical experience that the lymphatic 

glands, in the neighbourhood of an inflammation, are almost always 

swollen, it is most natural to suppose that these are the source of 

the abnormally copious formation of wandering cells. In spite of 

most zealous efforts, I have been unable to discover anything 

lin as to the morphological processes in this cell formation, 

"dtbough I consider it very probable that the lymph-cells originate by 

a process of budding in the meshes of the lymph-sinus of the glands. 

To the above observations I must add one more remark, that 

during indamraation it not seldom happens that red blood- corpuscles 

escape through tbe walls of the vessels ; according to Cohnheim's 

^periments the increased intravascular pressure has a decided 



influence over this process. According to Arnold, not only the 
red, but also the white blood-celia are eqiecially prone to pass 
through the vascular walls, at those places where minute intervals 
(stigmata, stomata,) exist between the cells of the capillaries ; during 
iuftammation it is particularly the connecting substance of these 
cells of the capillaries which swells and becomes so yielding, that 
fine currents of blood-serum pass through it, and enter the lymphatic 
canals of the tissue. 

Let usnowretumtoourwound, and see what becomes of the tissue 
infiltrated with celb, of the iiidammatory new formation, and how 
the cicatrix becomes developed therefrom. Whiktjat some distance 
from the wound, the cell infiltration extends slowly and sluggishly, 
the ceils in the surfaces of the wound which are already loosely 
adherent, gradually assume a spindle shape, the inter-ceUnlar tissue 
then becomes firmer, the spindle cells become converted into fixed 
connective- tissue cells, and the young cicatricial tissue at last assumes 
more and more the fonn of the normal fibrous, tendinous, connective 
tissue. It therefore appears, that the whi(« blood-cells change into 
fixed connective- tissue cells, though this is still a point in debate, to 
which I shall subsequently return, for it. is quite possible that this 
regeneration of the connective tissue takes a course of its own in a 
way at present unknown. Here again we have to encounter questions 
of various kinds. The newly formed, adhesive interlacing tissue 
very soon becomes firm, especially in heating by the first intention; 
even after twenty-four hours, we find, as already observed, its inter- 
cellular substance pretty firmly fibrinous, and the flaps of the wound 
are more or less infiltrated with this stiff substance ; it is only the 
early atifi'euing of the inter-cellular connecting substance, formed of 
transuded serum, and softened connective tissue, that explains why 
the union is generally so firm, even on the third day, that the fiapa 
of the wound hold together even without sutures, for without such 
connective substance, the young cellular tissue could not possibly 
possess such an amount of coherence. This stifi'ening connective 
substance is most probably fibrine, which consists of the transudation 
arising from the vessels under the influence of the cxtravasal«d 
blood -corpuscles, and possibly also of wandering ceUs. We have 
learnt from the excellent experiments of Alexander Schmidt, that 
most exudations contain the so-called fibrinogenous substance, wliicli 
by union with the fibrino-plastic substance in the blood and other 
I tissues forms fibrine, as we recognise it in the coagulated stkte. 
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definite proportions of fibrinogenoas and fibrino-plastic 
aubstaiice are required to form fibriae; these favourable conditioOB 
occur iu many initammalory processes, Schmidt considers it 
probable tbat all firm fibrous tissue is produced and maintaiDed hj 
the fibrinogeDous substance being precipitated from the blood in a 
certain manoer round the cells, owing to these cells containing 
librino-plastic substance in a firm shape : for this, indeed, we must 
suppose certain specific actions of the cells, by which it would 
result that the product of coagulation would, in one place, assume 
the form of muscular fibres, in another, that of connective tissue. 
This view is very probable in the case before us, where it appears 
that fibrous connective tissue gradually forms out of the inter- 
cellular coagulated fibrine, althougii the correctness of this view is 
disputed. There is certainly no great quantity of fibrinous inter- 
cellular substance in the inflammatory new formation, but there ia 
little doubt that the minute intervals between the cells are tilled up 
bj it, A little later, the young cicatricial tissue still appears to 
consist principally of spiodle-cella very tightly pressed together, 
but then these spindle-cells diminish very greatly, especially by 
Hattening ; many, indeed, perish completely, and there now results a 
fibrous, thoroughly connective-tissue intercellular substance which 
is regarded partly as metamorphosed fibrine, partly as the meta- 
morphosed protoplasm of the spindle-cells ; the cicatricial tissue 
finally remains stable in this condition. Thiersch, who has recently 
again minutely investigated the healing of wounds, is of opinion, 
that the apparently fibrinous intermediate substance is not fibrine, 
but only metamorphosed coimective tissue. I will not deny that 
there may be a really immediate adhesion, an instantaneous growing 
together of the softened flaps of the wound, although this would 
very seldom happen. Some time ago, I caused Dr. Gussenbauer to 
make a complete series of experiments upon healing by the first 
intention, with reference to these assertions of Thiersch. He has 
not been able to confirm the observations of Thiersch, but like 
Qtiterbock, who has also been paying attention to this subject, has 
obtained results which mainly agree with the above description, which 
is the produce of my own earlier studies. 

\Miftt has become of the closed ends of the vessels, while these 
II ufa&nges have been going on in the tissue ? The coagulated blood iu 
1 is absorbed or organized ; the vascular walls send out shoots, 

ich communicate both with the vascular loops iu the opposite 
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flap of the wound, and with each other. (Fig. 3.) In this way, 
however, only the union, at first but scanty, of the opposed vascular 
loops, is accomplished ; these were already formed by the numerous 
meanderings and windings of the vessels which terminated in loops 
after the injury. This is not the place to enter into the details of 
these interesting formations of vascular loops ; their developmentj 
however, is not due simply to dilatation, but also essentially to 
interstitial growth of the walls of the vessels. The original, 
previously existing vascular connections are thus replaced by a 
newly-formed vascular network which is at first far more copious. 

Arnold has recently studied the process of vascular development 
in the most careful manner, and has seen the growth of the vessels^ 
and the formation of vascular loops, proceed directly under his own 
observation in the tail of the tadpole. (Fig. 5.) 

Although the heart and the first vessels of the embryo appear to 
originate in this way, that, of the collection of cells of the middle 
germinal layer, destined for that purpose, the peripheral ones go to 
form the walls of the vessels, the central become blood-cells, yet 
this method of formation of vessels and blood does not appear to 
occur in a later stage, at least the most recent observations of 
Bokitansky and others on this subject, as well as some earlier ones 
of my own, have not been generally accepted. According to 
Amold^s experiments, the only way in which the vessels are formed 
in the growing embryo, appears to be by the development of shoots 
from the sides of the vessels. 

Formerly, with regard to the formation of the vessels of granulations 
and also of the vessels in many pathological new formations, I 
thought that it was necessary to assume another kind of vascular 
growth, namely, a formation of tubes by the apposition of spindle 
cells, as may be seen in a, 6, c, in Fig. 6 ; this I termed " secondary 
vascular formation " (as I have applied the term " primary '' to the 
process which occurs in the formation of the heart and vessels in the 
middle germinal layer) . The formation of shoots I have designated 
as "tertiary vascular development." However, after the more 
recent experiments, I willingly admit that the method termed by 
me *' secondary vascular formation '^ has no probable existence, and 
that I may have failed to observe the fine strand of plasma (the 
shoot) and the fine tube, around which a deposit takes place of the 
spindle cells developed from the young adventitia. I must not^ 
however, omit to mention that Thiersch's more recent experiments 
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Gntdud formiliou of the vessels teen in a, b, and e. Ten hoars are lulBcient 
for these ctuuges to take place. After Arnold. UagniGed 300 diameters. 
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have led him to repeat his formei statement which then seemed to 
me bat slightly probable, that in the inflammatory new formation 
there existed a fine network of tabes connected vith the blood 
vessels through the stigmata, this network being limited only by the 
cells of the tissue, and not by proper walls ; this agrees completely 
with the more recent observations concerning the condition of tlu 
capillaries in inflamed tissues. According to this, there would 
certainly be Uood vessels in this tissue, which are not circolar canals, 
but irregular intercellular passages, possibly sometimes with only 
spindle cells for their boundaries. 




Oatlinu of vessels from the vitreous body of the embrjo of the calL After 
Arnold. Magnified about 600 diameten. 

As a consequence of the restoration of circulation through the 
young cicatrix, the disturbances of the process caused by the iDJoiy 
now completely sabidde ; the redoesa and swelling of the borden ^ 
the wound disappear, and in consequence of the namcmas nssels, 
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cicatrix appears as a fine red stripe. The consolidation of the 
dcatrix must dow take place ; this is produced, on the one hand, by 
the partial disappearance of the newly formed vessels, whose walls 
fall together, and thus become fine solid strands of connective tissue, 
Uid, on the other, by the intercellular tissue becoming firmer and 

itaining less water, the cells as above mentioned, either assume 
flat form of connective-tissue corpuscles, or disappear ; possibly 
some of them remain as wandering cells, and find their way back 
into the lymphatics or blood-vessels. To this condensation and 
atrophy of the cicatricial tissue its great contractile power is due, 
by means of which large broad cicatrices may sometimes be reduced 
to half their original size. 

It might at the first glance appear to you contradictory that an 
apparently superfluously large capillary network should be formed in 
the youug cicatrix, to undergo for the most part subsequent 
obliteration. We cannot explain this apparent excess, but there are 
pretty numerous analogies in embryonic development ; the previous 
illustration (Fig. i5) will remind you that there is a period in the 
development of the fcetus in which even in the vitreous body a 
opillary network exists, which, as you know, disappears, leaving 
rcely a trace behind it. 

In order not to fatigue you with so-called theoretical subjects, I 
now leave this field for a short time, and before we conclude the 
subject of healing by first intention as a point fully understood, I 
bIuUI make a few practical remarks on the causes which may prevent 
this mode of healing, even when the (laps of the wound are ia 
apposition. 

Healing by first intention does not take place : 

1. When the flaps of the wound are brought together by plaster 
or sutures, but their tension, that is, their tendency to separate 
from each other is very great. Under these circumstances the 
plasters do not keep the wound perfectly closed, the sutures cut 

way through the flaps of the wound, perhaps abo the circu- 
in in the capillaries is impeded by the great tension of the 
and thus the wandering of the cells and the development of 
inflammatory new formation become disturbed. Only in the 
icat wards can you form an idea as to the amount of 
non requisite for healing to go on, and as to the means which 
we possess for its relief. 

2. A further impediment to healing is a la^ quantity of blood. 
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effused between the flaps of the wound ; this acts^ on the one hand, 
as a foreign hodj, and on the other, if it becomes decomposed, it 
checks the healing process bj the influence of decomposition. 

3. Other foreign bodies, for example, sand, dirt, alkaline urine, 
fseces, &c., also retard the healing, partly mechanicallj, partly che- 
mically. These substances, therefore, must be carefully removed 
before union of the wound ; in wounds of the urinary bladder from 
the abdominal walls, it is not usual to attempt to close the skin 
wound; the urine would force its way into the subcutaneous 
•cellular tissue, there become decomposed, and set up terrible 
mischief. 

4. Lastly, from a contusion, the effect of which on the flaps of 
the wound we may have failed to notice, there may have been an 
extensive disturbance of the circulation and extreme comminution of 
tissue, which has been followed by partial death of certain parts, or 
of the whole surface of the wound. Theo, because there is no cell 
formation in the flaps of the wound, but only where the tissue is 
still living, we can understand that the small shreds of the 
destroyed tissue lie as dead foreign bodies between the flaps of the 
wound, and must prevent healing by first intention. If this 
mortification of the flaps of the wound, in which, moreover, there 
may be a temporary fibrinous adhesion, affects only very small 
particles, it is possible that these may rapidly undergo molecular 
'disintegration, and become absorbed : this may often occur. When 
treating of contusions, we shall speak more in detail of this 
mortification of portions of the tissue, and their, detachment from 
the healthy parts. 

Practical experience in judging wounded surfaces, the result of 
many observations, will hereafter enable you in most cases to predict 
whether healing by first intention is to be expected or not, and you 
will thereby learn when it may be useful, even in doubtful cases to 
apply dressings to promote this union. 

You will occasionally hear accounts of remarkable cases, in which 
parts of the body completely separated have again become united. 
The fact appears to be perfectly established; I have never had 
the opportunity of making observations on such cases; still in 
•quite recent times very trustworthy men have reported that they 
have seen small portions of skin of the finger or nose, which have 
been removed by a blow or cut, again unite, after being carefully 
replaced and fastened on with plaster. .Formerly on h priori 
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grounds^ I contended against the possibility of sach healings but 
mast now admit it for theoretical reasons^ the movements of the 
cells permitting us to suppose that the detached portion^ if not too 
great, may very soon become restored to life, by the entrance of 
wandering cells. The experiments of Thiersch also^ have made it 
extremely probable that the formation of intercellular passages for 
the blood takes place in the flaps of the wound ; through these 
passages blood may possibly circulate, though perhaps only slowly^ 
through the portions which have been detached, even after twenty- 
four hours have elapsed. It is well known that we may success- 
fully transplant a twig from one tree to another, but the circulation 
in plants is not by pumping, but the flow of sap takes place only 
by cellular force ; the analogy, therefore, is rather a distant one. 
Tt was certainly more remarkable that a cock's spurs could be 
successfully transplanted into his comb ; but between birds and 
men the difference in the formative process is very considerable, 
and every immediate transfer of observations is inadmissible in 
practice. When speaking of the cicatrisation of wounds with loss 
of substance, we shall describe more minutely Eeverdin's discovery, 
that small portions of skin with epidermis can be inserted into 
granulating surfaces, where they will go on increasing. In his^ 
history of plastic operations Zeis has collected all the cases of union 
of completely separated portions of the body, which medical- 
literature contains. Eosenberger has brought this account down 
to most recent times, and communicates a number of cases carefully- 
observed by him, in which portions of the nose and fingers which 
had been chopped ofl^, again united after having been carefully- 
joined together. He confirms the earlier observations, that the 
epidermis, and sometimes also, slight superficial layers of the parts 
to be healed, generally become gangrenous, while the healing 
process goes on underneath. 
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LECTURE VII. 

dandies visible to tie naied eye in wounds mth loss of substance. 
— Minute processes in healing hy granulation and suppu- 
ration. — Pus, — Cicatrisation. — Views as to ^^ inflammation J' — 
Demonstration of preparations illustrative of ike healing of 
wounds. 

It now remains for us further to inquire what becomes of the 
wound^ if^ under the above circumstances^ healing by the first 
intention does not take place. In that case we have an open 
wound before us^ as the flaps gape^ and the circumstances are the 
same as if the gaping wound had not been brought together^ or as 
if a piece had been cut out^ as in a wound with loss of substance. 
If we cover such wounds with some unirritating body, for example, 
a fold of linen dipped in oil, or with a thin sheet of gutta percha, 
and examine them daily (this is certainly seldom necessary during 
the first few days, and may be injurious)^ we shall find that the 
following changes occur. In from twenty-four to forty-eight 
hours, the borders of the wounds are sometimes slightly reddened, 
somewhat swollen, slightly sensitive to the touch, but they often 
exhibit no apparent change. Just as in healing by the first 
intention, these symptoms, even under these circumstances may be 
very slight, or entirely absent, as in old, relaxed, flabby skin, also 
in strong skin with thick epidermis. The above-mentioned slight 
symptoms of inflammation are best seen in the skin of healthjr 
children; a very extensive, and daily increasing redness, swelling 
and pain of the parts about the wound denote an abnormal course. 
After the first twenty-four hours the surface of the wound has 
undergone but little change. All over it you still recognise the 
tissues pretty distinctly, although they have assumed a peculiar, 
gelatinous, greyish appearance (from the adherent fibrinous 
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mnlerial) ; besides Uiis, tliere are yellowish or grejish-red uimut« 
particles Qa the surface of the wound ; these, on closer examination, 
will be found to be small, dead fragments of tissue, enclosed in 
gektiuous fibrino, but still firmly adherent. On the second day, 
more or less thin, reddish-yellow fluid is seen upon the wound, 
the tissues appear more uniformly greyish-red and gelatinous, 
and their boundaries begin to appear indistinct. The third day, 
the secretion from the wound is pure yellow and somewhat thicker, 
most of tbe yellowish, dead particles of tissue escape with the 
secretion, they become dissolved, and pass off with a portion of the 
fibrine in the form of small, yellowish, soft granules, and clots; 
the surface of the wound becomes more even and uniformly red, i( 
heeomen clean, as we say technically. If you had not bound up the 
wound (a stump after amputation, for instance), and had received 
in a vessel the secretion that escaped, this latter would be found on 
the first and second day to be bloody, brownish-red, then gelati- 
^■OM, dirty, greyish-brown, then dirty yellow ; at the points 
^^^ke the secretion escapes from tbe wound, fibrine not un- 
^^^^nently stiffens in drops. If you carefully examine open wounds, 
^^^Ek a lens for this purpose, you will see even on tbe third day, 
miTnerons red granules, scarcely as large as a millet-seed, projecting 
from the tissue, smnli granules, gmnulaliona, Jteshi/ wart*. By 
the fourth or sixth day these have already become much more deve- 
loped, and Ihcy gradually coalesce into a finely-granular, bright-red 
eurface, the i/raHufating surface; at the same time, the fluid 
escaping from this surface becomes thicker, of a pure yellowish 
creamy consistence ; this fluid is pu», and when of the quality here 
described, it is good pus, pu» bonum et taudabile of the old 
authors. 

There are very many varieties of this normal course; these chiefly 

depend upon the nature of the parts injured, and the kind of 

^^miory ; if large shreds of tissue on the surface of the wound die, 

^^HL wound takes much longer to clean, and you may then some- 

^^^Ms perceive for several days the white, adhereirt, dead fragments 

^^^^ssue upon the surface of tbe wound, most of which is already 

granulating. Tendons and fasciaj are particularly prone to have 

their circulation ao impaired even by simple incised wounds, tiiat 

I they die to an unexjieetcdly great extent from the cut surfaces, 

e there is but little death of the looser cellular tissue and of tbe 

■cles. The reasuu for this undoubtedly u, on the one band, the 
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deficient vascularitf of the tendinous parts, and on the other^ their 
firmness, which is an obstacle to any rapid softening and blending 
process at the border of the living tissues. The same thing occurs 
in bones, especially in the cortical substance of long bones, where it 
often enough happens that a layer of the injured bone perishes, and 
sometimes requires some weeks for its detachment. Other ob- 
stacles to activp development of granulations are to be found in 
general constitutional states of the body ; you will see, for example, 
in very old, or very debilitated persons, or badly nourished children, 
that granulations would not only be developed very slowly, but also 
that, when formed, they will look very pale and flabby. Later on, 
at the close of this chapter, I will give you a short review of those 
anomalies of granulation which occur in daily experience in large 
wounds, and are to a certain extent normal, or at least customary. 

If we now return to the description that has been given of the 
normally developing granulation surface, you will notice subse- 
quently as the secretion of pus goes on, that the granulations 
become more and more elevated, and, sooner or later reach the level 
of the surface of the skin, and not unfrequently rise above it. 
With this process of growth, the individual granules become 
thicker and more confluent, so that they can scarcely be recognised 
as separate nodules, but the whole surface now assumes a glassy, 
gelatinous appearance. The granulations sometimes remain for a 
long time in this condition ; we have then to use various remedies 
to restrain the proliferating new formation within certain limits 
requisite for healing ; particularly at the periphery, the granula* 
tions ought not to project above the level of the skin; for it is there 
that the process of cicatrisation has to commence. You will now 
see the following metamorphoses gradually taking place : the entire 
surface contracts more and more and becomes smaller; on the 
border between skin and granulations, the secretion of pus dimi- 
nishes ; first a dry red border, about one millimetre broad, forms 
and advances towards the centre of the wound, and the more this 
advances and covers the grapulating surface, it is followed by a pale 
bluish-white border which passes into normal epidermis. These 
two seams result from the development of epidermis, which advances 
from the periphery towards the centre ; cicatrisation takes place, 
the young border of the cicatrix advances perhaps one or two milli- 
metres daily until it finally covers the whole of the granulating 
surface. The young cicatrix then looks pretty red, and is thus 
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■ sharply deiiiied frotn the healthy skin ; it is Grm to the touch, more 
ihaa the cutis, and is atill very intimately connected with the 
tbjacent parts. As time goes on, after some months, it gradually 
iniea paler, softer, more movable, and finally white ; it goes on 
diminishing in the course of months and years, but often remains 
whiter than the cutis during the whole of life, In consequence of 
the strong contraction wbich goes ou in the cicatrix towards the 
lire, the neighbouring portions of skin are often very much 
iwn together, an ell'cct which is somi'times very welcome, but 
letimes very mneh iLe reverse, as when, foe example, such a 
itrix on the clieek draws down the lower eyelid, and causes 
ectropion. You can easily understand that a wound and a cicatrix 
can only contract in all directions when the subjacent parts, as 
,well as the borders, permit elongation ; wounds of bones, and 
mnds with still' immovable borders cannot diminish in size by 
.traction, but only by cicatrisation, and therefore require much 
longer time for their cure. 

will occasionally see it asserted, that the cicatrisation of the 
granulating surfaces may sometimes proceed from isolated patches 
of epidermis becoming developed among the granulations. This 
.oaly holds good of cases where a portion of cutis with rete Mal- 
P^bii has remained in the midst of the wound, as may easily 
■Iwppcn, for example, in gangrenous wounds, as the caustic agent 
■JMy penetrate to very unequal depths. Under such circumstances, 
lidermis immediately forms from a small portion of remaining 
ipillnry layer of the skm, that lias any, even the thinnest possible 
ivtring of cells of the rete Malpighii; at these spots there [are 
tn the same conditions as when a blister has been raised on the 
Id by cantharides plaster, by which the horny portion of the 
:couB layer of the cutis is raised by the very rapidly occurring 
lodation ; no granulations are afterwards formed if yon do not 
vontinue to irritate the surface, but horny epidermal scales imme- 
diately develope from the mucous layer. If, however, there be no 
such remnant of tele Malpighii, we never have these bland-like 
patches of cicatrix, hut the formation of epidermis only takes place 
gndually from the periphery of the wound towards tlie centre. I 
so certain about tliis, that I think surgeons who assert that 
have seen anything different are in some way mistaken. 'Hie 
Its of transplantation of portions of the skin with epidermis, as 
:tised by Eeverdin, appear to me at any rate, to be vry much 
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in favour of the view that epithelial development takes place only 
from epithelium. 

Now that we have considered the external conditions of the 
wound^ the development of the granulations, of the pus^ and of the 
cicatrix^ we must turn our attention to the more minute changes hj 
which these external appearances are induced. 

Our best plan will be again to represent a relatively simple 
capillary network in the connective tissue, and to join thereto what 
we are now considering (Fig. i, p. 69). Imagine a crescentic 
piece to be cut out of it from above ; there will first be bleeding 
from the vessels, which will be arrested by the formation of clots as 
far as the next branches. There wiU then be dilatation of the 
vessels in the neighbourhood of the wound, though only of brirf 
duration; this is due partly to increased pressure, partly to fluxion; 
an increased transudation of blood serum, consequently an exudation 
is also here a necessary consequence of the capillary dilatation from 
the causes above given; the transuded serum also contains some 
fibrinogenous substance, which, possibly by the influence of the 
newly formed cells, coagulates to fibrine in the most superficial 
layers of the tissue, while the serum escapes, mixed with blood 
plasma. The vascular network would now assume the form shown 
in Fig. 7, p. 99. 

It must generally be the case that at the surface of the wound 
more or fewer particles of the tissue will die, inasmuch as the 
vascular obstruction must, of course, seriously interfere with the 
nutrition of tissues but poorly supplied with vessels, and especially 
where the tissues are stiff the dilatation of the vessels will be 
impeded ; this superficial necrosis is certainly scarcely visible to the 
naked eye. Let us assume that the upper layer of the wound, shaded 
in the diagram, perishes in consequence of the changes in the condi- 
tions of its circulation. What will now take place in the tissue itself? 
Essentially the same changes as in the united flaps of the wound ; 
wandering of white blood-cells through the walls of the vessels, the 
collection of masses of these cells in the tissue with the effects 
previously described, plastic infiltration, and inflammatory new 
formation. But, inasmuch as there is here no opposing wound 
surface with which the new tissue can blend, to be then quickly 
transformed into connective tissue, the cells which have escaped 
from the vessels at first remain on the surface of the wound ; the 
exuded fibrinous material on the surface of the wound becomes 
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soft and gelatinons, at the same time, the cellular infiltrated tissue 
of the surface of the vound assumes the same peculiarities ; the 
•eoft connective substance in which the young vessels shortly grow, 
even if only present in small quantities, holds together the cells of 
the inflammatory new formation, whose number is constantly 
incieaaing. The granulation tissue is thus formed. Granulation 
tissue is therefore a highly vascuhtr, inflammatoryj new formation, a 




DiigTua of t waancl with loss of sobatance. DiUUtion of tbe vcsmIi. 
Magnified 300 — 400 



new formation caused by inflammatory disturbance of nutrition. 
At first its growth is constant, and is in the direction &om the baw; 
of the wound towards the surface; the tissue is, however, of 
different consistence in the various layers ; its superficial lavcr 
particularly is soft, and, in the uppermost strata, of fluid consistcuco, 
for here the interceUular substance is not only gelatinous but fluid, 
this uppermost thin fluid layer, which is continually escaping and 
being constantly renewed from the granulation tissue by wandering 
of the cells, is the pns (see Fig. 8). 
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The pua therefore, in this case, has its origin in the granuUtioa 
tisstte, and consists of joung cells which have wandered from 
the grannlation vessels and also from the granulation tissue. W^ 
Bay " the wound secretes the pus." If we collect pus in a vessel, 
and let it remain quiet, it separates into an upper, thin, clear 
layer, and a lower, yellow one; the former is fluid intercellular 
substance, the latter contains chiefly pus-corpuscles. These on 
microscopical examination are found to be round, finely punctated 
cells, of the size of white blood- corpuscles, with which they are, in 
fact, identical. But it is to be observed that these cells, as long as 
they are in the lymph and blood, exhibit, as a rule, only one la^ 
nucleus, but after the^ have escaped from the vessels they become 
so changed as to contain three to four small dark nuclei, whicK 
become particularly distinct on the addition of acetic acid, because 
it dissolves the pale granules of the protoplasm, or at least swells 
them so that the cell substance becomes transparent. This is the 
only morphological difi'erence which is pretty constantly to be 
found between white blood-cells (which again are identical with, 
lymph-cells) and pus-cells. The nuclei are not soluble in acetic 
acid. The entire globule is readily dissolved in alkalies. 




Fns-celU from Tresh pus. Usgnllied 400 diams. a. Dead without addition. 
b. Variona forms that tlie living ptu-cella assnme in their amceboid mova- 
menU. c. Pus-cells after the addition of acetic acid. i. Piu-cella after 
the addition of water. 

At a we see pus-cells, as they usually appear, when we cover a' 
drop of pus with a thin glass, and examine it under the micro- 
scope without any addition. The already mentioned obaervstions 
of von Becklingbausen have shown that only the dead cells have 
this rounded form; if we obserre the ptu-ceUa in the moist chamber 
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on a warmed object table (according to M. Scbultze) we get a most 
beantifal view of the amoeboid movements of these cells. These 
movements^ which go on only slowly and sluggishly at the tempera- 
tare of the bloody and by means of which the cells assume the 
most extraordinary forms {b), become much more rapid at a higher 
temperature^ and^ again^ more sluggish at a lower one. The 
number of pus-cells in pus is so great^ that in a drop of pure pus 
under the microscope the fluid intercellular substance is quite 
imperceptible. Chemical examination of pus is difficulty in the first 
place^ because the corpuscles cannot be completely separated from 
the fluids also because the pus obtainable in large quantities for 
chemical examination has usually been in the body for a long time^ 
and may have changed morphologically and chemically ; and 
lastly, because protein substances chiefly are contained in pus^ and 
dt has not hitherto been quite possible to effect their separation. If 
we let pus from a wound stand in a glass, the clear, bright, yellow 
-serum becomes sometimes more, sometimes less, in quantity than 
the thick straw-coloured sediment whicli contains the pus-corpus- 
cles. Pus contains from lo to 16 per cent, of fixed constituents, 
chiefly chloride of sodium; the ashy constituents are much the 
same as those of blood serum. Eecent examinations of pus have 
^hown that myosin, paraglobulin, protagon, besides fatty acids, 
leucin, tyrosin, are constant constituents. In pus collected in 
the body, acid fermentation does not readily occur; pure fresh 
pus having an alkaline reaction becomes, however, sour if it is left 
•standing for some time (several weeks) even in a covered glass, and 
protected from drying up by evaporation. 

Let us now return to the granulation tissue, where we have still 
an important part to consider, namely, the numerous vessels to 
which its red appearance is due. The extensive vascular loops that 
must form on the surface of the wound, and which in the diagram 
(Fig. 9, page 102) are much too fine and too few, commence, with the 
growth of the surrounding granulation tissue, to become more 
elongj^ted and more and more tortuous ; toward the fourth or fifth 
day new vessels develope, as in healing by the first intention, in the 
form of fine, lateral, capillary communications, which may commence 
here partly as plasma shoots, partly as intercellular passages, and the 
lissiie is 800^ 'excessive number of vessels ; these 

have such \rance and thickness of the 

•entire gn recognisable in the dead 
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^^^Bbody, where the fulness of the vessels is absent, or at least, much 
^^^f less marked than during life, and consequently the entire tissue 
I appears pale, relaxed, and much less thick. The question arises, 

whence come these remarkable, small, gradually confluent, red 
nodules, which are visible to the naked eye ? Why does not the 
surface look even? Tliis, indeed, is frequently enough the case; 
thegranules are by no means equally clearly defined; the explanation 
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Fig. 9. 
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A iliugraiu or a grannlaling wound. Mignified 300—400. 



loT the cause of their shape is, however, not so simple and easj-. It 

■is generally assumed that the granules are to be consiikTcd as an 

■imitation of the papilla; of the cutis, but apart from the fact that it 

~e unintclligihle wljy such structures isUould he imitated in muii^clc 

uid bone and that the granules are usually ten times as large as the 

cutaneous papillee, this is no real explanation. The appearance of 



I 



GRANULATION TISSUE. 103 

the granules doubtless depends upon the arrangement of the vascular 
loops into distinct tufts and knots^ and upon certain boundaries be- 
tween these separate groups of vessels. We might therefore assume 
that the vascular loops acquire this form without known cause. But 
it seems to me natural to compare them to the circumscribed capillary 
districts already formed in the normal tissues^ and which are very 
numeTous^ especially in the skin and adipose tissue. You know 
that every sweat and sebaceous gland^ every hair follicle^ every fat 
lobule^ has its own^ almost closed^ capillary network^ and by the 
enlargement of this latter^ the peculiar^ closed, vascular forms of the 
granules might arise. In fact, in the cutis and in adipose tissue, you 
will see the individual fleshy growths particularly sharply and clearly 
defined, whereas this is less often the case in muscle, where such 
limited capillary districts do not occur. Whether this explanation 
is correct, can only be decided by artificial injection of freshly 
formed granulations, which are still connected with the base from 
which they have sprung. Till then, my explanation must be 
regarded as only an attempt to refer this pathological new formation 
to normal anatomical conditions. 

The above sketch (Fig. 9), in which, on account of the great 
enlargement and small vascular districts which have been depicted, 
we can only recognise the commencement of the granulations in the 
snudl groups of the vascular loops, may serve you as a diagram of 
the development of the granulation tissue^ with the distribution of its 
vessels, and of its relations to pus and to the subjacent matrix, as 
it has developed from Fig. 7. 

If the advancing growth of the granulations were not arrested at 
some limit, a constantly growing granulation tumour would be the 
necessary result. Fortunately this never, or at least extremely 
rarely occurs. You know already from the description of the 
external conditions, that the granulations as soon as they have 
reached the level of the skin, sometimes even earlier, cease to grow, 
become covered with epidermis, and retrograde to a cicatrix. The 
following changes then take place in the tissue. 

In the first place, in the granulation tissue, as in the flaps of the 
wound in healing by the first intention, there are a great number of 
cells which come to nothing. Not only the millions of pus-cells on 
the surface, but also cells in the depths of the granulation tissue 
disappear by disintegration and absorption ; it is very probable that 
even cells from the granulation tissue may pass back unaltered into 
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the vessels^ as we shall see later on when treating of the organizatioii 
of vascular thromboses. 



«• 



Fig. id. 
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Fatty degeneration of cells from grannlation3. Granular cells. 

Magnified aboat 500. 

As the cells retrograde, very minute fat-granules gradually form 
in them in continually increasing numbers, not only in the round 
cells, but also in those which have already assumed the spindle 
form ; such cells, which are composed merely of the finest fat- 
globules, are generally called granular cells ; they are often found 
in old granulations. If the granulation tissue is thus diminished 
by atrophy and escape of the cells, and at the same time the new 
formation of cells ceases, something else very important must now 
happen, namely, the gradual consolidation of the gelatinous inter- 
cellular tissue to striated connective tissue, which is produced by 
the constantly increasing loss of water carried off by the vessels, and 
evaporated from the surface ; at the same time, the remaining cells 
assume the form of ordinary connective-tissue corpuscles. Accord- 
ing to the opinion of other observers, the original intercellular 
substance entirely disappears, and its place is taken by the 
protoplasm of the granulation cells, which become transformed into 
fibrous tissue. With these changes, which advance from the 
periphery towards the centre, the secretion of pus on the surface 
ceases; at the immediate circumference of the wound, on the 
condensing granulation tissue, epidermis becomes developed, and 
rapidly separates into a homy and mucous layer ; this formation of 
epidermis, according to J. Arnold, takes place by the division of a 
protoplasm, at first entirely amorj^hous, which is formed in the 
immediate vicinity of the existing border of epidermis. According 
to Heiberg, Eberth, F. A. Hoffmann, Schiiller, and Lott, the 
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eptilerinis grows bj the formation of shoots from the epithelial ceLs, 
which are nearest to the border of the wound. 



I^thelitl ceUi of the cocnen of tlie frog; senriing out shoots at the margin of a. 
WDQIulla). A few cells (telached from gucl) a border. Magailied uhoat 
6go. Aflcr Hcibei^, 



y Lnstlj', the superflaous capillaries must be obliterated ; only n few 

T tlioie remain to keep up the circulation through the cicatrix. 

pith their obliteration the tissue becomes drier and more touj^ii, and 

mtrocts more and more, and thus it is often only some years after 

i the cicatrix acquires its permanent form and consistence. 

The whole process, like all these modes of healing, contains much 

that is remarkable, although its more minute morphological changes 

htve been explained far better than before by recent investigations. 

possibility, indeed the necessity, under otherwise normal 

Hlditions, of arriving at a certain typical termination Ts the most 

Bcntial characteristic of those new formations which are produced 

WliJ nn intbmmntory process. If the process of healing does not 

ike this natural course, the reason will be, that eitbcT the general 

nnstitution or local conditions directly or indirectly interfere; or 

[iKOUlse the organ attacked is so important for life, the consequences 

Ittf the disturbance so severely affect the entire organism, that there 

I death of the organ, or of the individual, due to this fuuctional 

rder. Every new formatioUj thu result of in6flmmation, has 

Wsyi the tendency to advance to a certain point, to retrograde. 
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and to pass into the stationary condition of formed typical tiasaei 
especially to be converted into cicatricial connective tissrae; whilst 
other new formations have no such natural termination, bat generally 
continue to grow. 

Different as healing by the first and second intentions appears at 
the first glance, the morphological changes in the tissues are iu both 
cases the same. You have only to imagine the borders of the 
wound in Fig. 3 (p. 80) to be separated, in order to obtain the same 
picture as Vig. 9 (p. 102) : observation teaches in the simplest 
manner that this is really the case ; if a wound almost healed by 
first intention, but not yet consolidated, be torn open, we have at 
once a granulating wound, which soon suppurates. You will often 
enough be convinced of this hereafter iu practice. 

The above-mentioned processes of healing by immediate adhesion, 
and by the formation of granulations, have been described as the effect 
of traumatic iitjlammatiouy and we have dwelt upon the fact that the 
traumatic inflammatory process has this marked peculiarity, namely, 
that the irritation in the tissue does not extend beyond the immediate 
neighbourhood of the injury, unless affected by any further accidental 
cause. I ask you carefully to bear in mind this very important 
limitation. Inasmuch as we have no precise knowledge with regard 
to the chemical changes and the action of the nerves in the inflamed 
tissue, whereas we are pretty accurately acquainted with the 
morphological processes, we confine ourselves for the present to 
these latter when we attempt to define and generalise our idea of 
*' inflammation.'^ I wish for a few moments again to refer to some 
of our previous observations (p. 72 and 81). " Inflammation '' is a 
modification of the normal physiological processes in the various 
tissues of the body, a "disorder of nutrition" (Virchow), the 
histopoetic tesults of which you are now acquainted with, and you will 
subsequently hear of its destructive, deleterious effects. OriginaUy a 
portion of the body was said to be " inflamed " if it was hot and 
red ; inasmuch as it was then also usually swollen and painful, tlus 
term was employed to indicate those processes which were charac- 
terised by the presence of the above symptoms in combination. The 
word "inflammation'' had its origin at a time, when, strictly 
speaking, there were no pathologico-anatomical notions ; the earliest 
observers imagined that in this process there was something 
extraordinary going on in the tissues^ that violent excitement took 
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I pIsco therein, aad from liie commencement tliis process Ita? beeu 

^^»ituini]r legarded as an intense exaccrbatian of the vital changes. 
^^HSot inascuucli ns observers nere as little able to comprehend it as we 
^^Hm now, they relied in part upon the symptoms which characteriecd 
^^B Hk process, us we do now ; in part upon the results and conse- 
r quences of its action, as now-a-days; and thus, doublg not 

I nnfrcquently arose as to whether it was still right to speak of 

^^^iaflammalion when this, or thai, symptom was absent, or not 
^^Kdacidedly pronounced ; — this is also the case with us. We know 
^^^now, at any rate, that intlammatiou is not a thing which exists 
^^^Eutatde the body, and which, ns such, gets into a part of the 
^^^HpOdy, and there continups to exist, and wliich must be cast out like 
^^^^Beelzebub ; we have, on the other hand, exact knowledge of the 
^^^Bunner in which " Tumor, Rubor, Calor, Dolor " are conditions of 
^^^■Bfisuunation ; yet, although acut£ inflammation is generally 
^^^bscognised as such, and correctly designated by every layman, the 
^^^Bifficully still remains just as great, clinically, as well as anatomically, 
^^^Bbf giving a clear logical deHaitiou of the form of disease, known as 
^^^K^ Inlhunmation." The word " Inilammation " is indeed so apposite 
^^^Ktor designating those processes for which it was at fir^t chosen, that 
^^^Blft would cause useless trouble to do away with it. We understand 
^^^Hherebj the already minutely-described combination of processes in 
^^^ue tisKues, which in our case are due to an irritant, in the first 
^^^Kace purely mechanical, and acting once for all (the wound). 
^^^^^Bfifw much hypencmia, bow much exudation, how much fibrinous 
^^^HtoniatioD, how many chemical transformations of tissue, what 
^^^nniount of new formation of tissue is necessary, in order that we 
^^^npost designate the process as inflammation, cannot be exactly 
^^^^pafined ; in the application of this word, there is much that is 
^^^■ubitrary, and many variations in the use of words. Objections 
^^^Ruve particularly been raised by surgeons as weli as by anatomists, 
^^^BgiitiBt designating as "inflammatory'' the purely regenerative 
^^^niDcesses, that is to say, the new formations of tissue, which, in 
^^^BjKffisetiuencc of the disorders of nutrition produced by the injury, 
^^B tesd directly or indirectly to the adhesion of wounds, or to reparation 
of loss of substoncc, even though it be imperfect. If the process be 
regarded in a modern histological sense, it cannot well be separated 

Im the inflammatory ones, however slight its extent and intensity 
y occasionally be. In a purely cliuical point of view the 
tiactioii is easier to be made, for we certainly meet with numerous 
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cases in which there are none of the often mentioned four cardinal 
symptoms present in a marked degree at the borders of the woand ; 
but the difference between a shght redness^ swellings and sensitiveness 
of the margins of the wound^ and the most intense inflammation 
advancing over the whole of the injured part, is only one of d^iee. 
The use of terms has made another distinction; when a woond 
heals without any of the so-called symptoms of reaction (inflamma- 
tion) we do not speak of this as inflammation^ but use this expression 
only where inflammatory symptoms are very prominent in the 
injured part. 

I thought it necessary at this stage to make you cognisant of 
these general considerations with regard to inflammation^ the indi- 
vidual evident factors of which I previously brought before you in 
the changes of the vessels and tissue, in order that you may 
accustom yourselves to find your way through the difliculties of the 
subject. It will always be my endeavour in the course of these 
lectures, especially to explain to you the anatomico-physiological 
disorders as clearly as our present knowledge will allow, and at the 
same time to give you an historical account of the origin of the 
clinical theories and modes of expression which are now in use. 
Only in this way is it possible to fathom the nature and origin of 
our science ; without such knowledge, you will be continually grop- 
ing your way at the peri[)hery of phenomena, and by confining 
yourself to single portions, you will fall into narrowness and hopeless 
-dogmatism. Inasmuch as the great majority of men are intensely 
ignorant of subjects connected with the natural sciences, and seek 
and see in the physician rather the priest and idol, than the skilled 
adviser, you are sure to produce great practical results, even with a 
majestic display of medical ultramontanism ; but you must then 
positively relinquish any intention of understanding, or certainly of 
promoting the development of mankind, a j)rocess which is ever 
advancing, and ever exhibiting greater freedom. 

It is not the object of these lectures to show you on prepara- 
tions, step by step, the morphological, microscopical changes of 
injured tissue ; you will find opportunity for this in the practical 
work of pathological histology, but I will show you at least a little, 
so that you may not think that the processes which I have 
described to you can only be demonstrated on diagrams. 

The cell-infiltration of the tissue after irritation by an incbion 
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can be best seen in the cornea. Four days ago I made an incision 
t^e ariii with a lancet-shaped knife in the comes of a rabbit, and' 
allowed the wound to gape for a moment, in order that the irritation 
might not be too slight; yesterday the incision was visible aa a line 
line with slight milkj cloudiness. I killed the animal, cut out the 
coniea carefully, and let it swell in pyroligneons acid until this 
moniing; then I made a fine section through the wound, andi 
cleared it np with glycerine. 

Fig. 13. 




Iseiiion of the comes three daji after the injury, a, a. Tlie imiLiug substauce- 
betveen the two sides oF the inciiioD. Magnified 300. 

In the above figure you see the connecting substance between 
the edges of the wound, in which there has been a considerable 
acciimulatian of cells between the lamellae of the cornea, where 
the corneal corpuscles he ; these cells are here not so distmctly 
visible as when coloured by carmine, bnt the intermediate sub- 
stance between the edges of the wound is very clearly seen ; this 
consists almost entirely of cells, which would not, however, be 
sufficient to make the union firm, unless they were a^lntinated 
tc^ether by a fibrinous cement. The young cells have apparently 
passed out of the edges of the wound from the fissures between the 
corneal lamellte, and they probably do not originate in the connec- 
tive tisane between the margins of the wound ; this latter, on the 
contrary, is rather formed from them, under their influence. These 
fine corneal cicatrices, I may remark incidentally, subsequently clear 
ap, so that tliey disappear, leaving scarcely a trace. The cells 
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Fig. 15. 




)tu:i»uin maJo througli tbe cheek o( a iog, u Been twentj-ronr boon 
afterwards. MagmGed 300. 

You nm lii^ri! (V'lg. 13) a transverse section through a recently 
iiiiili'il iiKtim'd wound in the cheek of a dog, as it appears 
twiiiity riinr hniin iifU^rwards. The incision is well marked at a a, 
tlici tulK*'" "^ '-'>'* wound are separated by a dark intermediate 
tiulnl niii-t^. winch consists partly of pale cells, partly of red blood- 
<Hir)iiNi>lcN, llif Inlter belong to the blood escaped between the 
I'dif^ of (tin wound aftor the injury. The connective-tissue fissures 
iuvolvcd in tho wound, in which the connective-tissue cell.« lie, are 
itlri'ttdy tUli'it with nunirtous young cells, and these cells hare 
alrrady imahfil Diomsi^lvra into the extrarasated blood between the 
vA^ of thv wound. This preparation has bem treated with 
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acetic acid, and jou therefore no longer see the striatioii of the 
connective tiasae, but the young cells are more distinct. Look 
paiticnlaily at certain strands and lines, rich in cells, that extend 
from the wound towards both sides {b b l>) ; these are blood- 
vessels, in whose sheath very many cells are infiltrated, which have 
wandered through the walls of the vessels, or are just in the act of 
doing 90. As to the transformation of the coagulated blood between 
the borders of the wound, the " wound thrombns," we shall here- 
after describe it more fully when treating of cicatrices of the vessels 
at the end of this chapter. 

The following preparation (Pig. 14) shows you a young cicatrix 
nine da;s after the injury. 

f IG. 14. 




Cicatrix mnB dajs alter an incision, through the lip ol a rabbit, healed 
b; first inkntioD. MagniGed 300, 

The connective substance (« a) between the edges of the wound 
consiflta entirely of spindle- cells, closely pressed together, which 
are most intimately connected with the tissue on both sides of the 
wound. 

Fine sections cannot be made of granulation tissue just removed 
from a woond ; it is generally a difficult object for fine preparations. 
If, however, it be hardened in alcohol, the section coloured with 
carmine and then cleared up with glycerine, you have a specimen 
like Fig. 15, p. iia. 

The tissue appears to consist only of cells and vessels with very thin 
walls ; as the wlLole tissue ia shrunken by the alcohol we see nothing 
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here of the mncoiis intercellular sabatance which is alirays present, 
even if only in small quantities, in healthy, recent granolatioDs. 

Fio. IS. 



Granulation tissue. Magnified 300. 

The tissue of the young cicatrix is particularly well seen in the 
following preparation (Fig. 16}, which was taken out of a broad 
cicatrix following granulation and suppuration from the back of a 
dog, four or five weeks after the injury. 




YooDg cicatricial tissue. Magnified 300. 

The preparation has been treated with acetic acid, in order to 
show distinctly the arrangement of the connective-tissue ceUs.'as 
they have been formed out of the granulation tissue; a a a] are 
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' Wood-vessels partly obliterated, parti; conveying blood ; the con- 
nective-tissue cells are still relatively large, sacculent, and mani- 
festly spindle-shaped, the intercellular substance, however, is richly 
developed. 

We must make injections if we wish to study the condition of 
Blc blood>vesscls in the wound. This is somewhat difficult, and it 
ftcn depends upon a lucky accident as to Uow soon we succeed. 
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lurizoutal incision through a {log's tongue, near the lurface, made willi a 
tarfc koiCe. Fronl seotion llirDiigli llie tongiio aFler injectioa ami 
hardcuing, fortj-cight hours nftcr the injury. MngiiiBcd 70—80. After 
Wywodxoff. a a. Inter iticdiiitc substance belvecn the edges of tlie 
wound, consisting of Gbrous- looking adliesive subalauce and exlraiosated 
blood. The section has parsed through two lasers of muacica ero»ing 
each other. Forniation of Tascular hmps, with dilatation, in both honlets 
of the wound. CommeDciDg elongation of the knots and foruialiua of 
D hoots tutu the connective substance. 
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On thia subject we possess the recent works of Wywodzoff and 
Thiersch, whose results in aU essential matters agree partly with 
>ne another, and partly with those of my investigations on this 
^ ki [J subject. Wywodzofl', who operated on the tongues of dogs, gives 
^. J a series oF representations of the condition of the htood-vessels in 
. ^ ^1 various stages of the healing of wounds; a few of these I now lay 
J. I c before you without, however, going into the more minute details 
,j,-,( of the formation of vessels. (Figs, ly — 3i.) 




and seven tlBys old in the lip of a doe; liealing by Grat intention. Injee- 
Hon of the Ijrmphatic vessels, a. Mucous membrane, i. Young cicatrix. 
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This (Fig. 20) is a preparation, from the human subject, of granu- 
lations where the vessels were tolerably filled by natural injection ^ 
the vascular loops are very close together and complicated at the • 
surface; in the deep parts the vessels are all parallel. 

In conclusion, here is a preparation of injection of the lymphatics- 
vessels of a dog's lip (Fig. 21). You see that the young cicatrix 
on the seventh day, when it still consists almost exclusively of cells, 
has no lymphatic vessels. These cease immediately at the young) 
cicatrix, where they only commence when the fibrillary connective- 
tissue bundles form. The granulation tissue also has no lymphatic 
vessels ; where the inflammatory new formation, where the primary 
cellular tissue forms, the lymphatic vessels are for the most part 
closed, partly by fibrinous coagula, partly by new cell-formation. 
These observations have also been confirmed quite recently by 
Losch, of St. Petersburg, in his observations on traumatically. 
inflamed testicles. 
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LECTURE VIII. 

tewwra/ reaction aftfr iiijarj/. — Traumatic feeer. — Tkeoriei respect- 
ing thii /ever. — Prognosis. — TreiitMenl of simple injuries, and 
of the injured. 

Gentlemkn, — You are now acquainted with the minutest pro- 
esscs, both superficial and deep, of the healing of wounds, so far as 
\ is possible to follow these at the bedside, and also by means of 
kxperiinents and with the aid of such microscopes as we at present 
eas. 

8 yet, however, we have not in any way referred to onr patients, 
'but if you have at all observed their condition, you will have 
remarked certain changes which up to the present time we are not 
altogether able to explain. 

Probably towards the eveuing of the first day our patient will 
■become restless and will feel hot ; he will be thirsty and lose his 
appetite; he will have headache; during the night he will be 
wakeful, and on tbe following raorniug nnrefreshed. These sub- 
jective symptoms become more marked in the course of the following 
day, and towards evening we feel his pulse ; we find that it is more 
frequent than normal ; the radial artery is tenser and fuller than 
-before; tbe skin is dry and hot, and the temperature, when taken, 
is found to have risen ; the tongue ia rather coated and quickly 
becomes dry. You will already know what is the matter, the 
patient has fever. Yes, he has fever. But then what is fever ? 
What is its cause? What relation have theae objective and subjec- 
tive symptoms — so remarkably difierent — to each other? But a 
truce to your tjuesttoiis I 1 can scarcely answer those you have 
.already propounded. 

By the word " fever " we underetaud that oft-described combina- 
tion of symptoms which, in somt^ shape or other, is almost always 
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pfetent in inflammatorf disease, and which is ^pamtly dcp 
■pon it; we know iu exact duration and its ooorse in various 
diaeaaes, and jet its eanae, thon^ better known than {oauaij, i» 
still not full J undostood. 

The fdirfle sjrmptoms appear in Tarring degrees of inftenaitj. 
Two of these are the most'oonstant, increased freqnencj of the 
poise and a rise in the temperature of the body. Both of them 
can be measured, the poise bj conntingy the tempentare by the 
thermometer. The frequencr of the hesrfs beat may depend on a 
number of causes, and also on all kinds of mental excitement ; it pre- 
sents f Ufi^t differences during sitting, lying, standing, and walling. 
We must, therefore, attend to a number of drcnmstanoes if we would 
avoid mistakes ; we may infer that mistakes can be avoided by the 
lact that the frequency of the pulse has for centuries past snooessfnlly 
served for estimating the intensity of fever. Besides this, an exami- 
nation of the pulse teaches many other things which it is important to 
know, viz. the quantity of the blood, the tension of the arteries, the 
irregularity of the heart beat, &c. ; so that even now-a-days the puke 
is not to be n^Iected, although we have other and better meana for 
estimating the amount of fever. The other, and in many respects 
more accurate, method of estimating the intensity as weU as the 
duration of fever, consists in taking the temperature of the body 
with a sensitive thermometer, the scale of which is divided, ij^Esr 
Cehnus, into lOO degrees and each degree into ten parts ; it possesses 
this advantage also that the measurements, which, as a rule, should 
be taken at 9 a.m. and at 5 p.m., cam be graphically given on a 
chart, thus allowing them to be easily and quickly perceived and 
read off. We are indebted to Y. Barenspmng, Traube and 
Wunderlich for the introduction of this plan into general usage. 

A series of observations on fever in the normal course of wounds 
(injuries) gives the following results: traumatic fever sometimes 
begins immediately after an injury, but more commonly on the 
second, third, or fourth day. The highest temperature attained, 
although this is rare, is 104® — 105® F. (40° — 40'5® C); as a rule 
it docs not rise above 101° — 102° F. (38*5® — 39® C); simple 
traumatic fever does not generally last more than seven days ; in 
most cases it only lasts two or three to five days, and in many cases 
it is entirely absent, as for instance in the small superficial incised 
wounds of which we have already spoken, and even sometimes after 
large operations such as amputations of the thigh and ovariotomy. 
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Surgical fever generally depends on the condition of the wound ; it 
is essentially of a remitting type, and the decline may take place 
either rapidly or slowly. 

If we are to consider surgical fever as a condition of reaction, 
we shall be led to the inference that the fever will he severe in pro- 
portion to the extent of an injury. If the injury be very small, there 
will either be no rise in the temperature, or tlie increase will be so 
small and so temporary that it will escape our observation. It 
might be almost supposed that a scale of injuries could be drawn 
up according to which the fever would be of longer or shorter 
cation, and of greater or less intensity, in proportion to the length 
i depth of the wound. 

conclusion, however, even with considerable restrictions, is 
tij approximately correct. Some patients, after very slight 
iiq'uries, get violent fever; while others even after extensive injuries 
have scarcely any. The causes of such differences lie chiefly in the 
fact that the healing of wounds may go on with more or less inflam- 
inatory action ; (Ae more definite and tie more interne the infiamma- 
hry apaploma around a Koiind, the higher leill he fever ; fever latt* 
ju4i ao long at the infammatioa conltnnes. However, it does so 
happen that we can detect nothing about the wound, and yet 
the patient is feverish ; in such cases it is probubte that the inflam- 
matory processes are deeply seated. It seems, too, as if individual 
idiosyncrasies, at present unknown to us, exert an influence on the 
amount and duration of traumatic fever. 

Before we proceed further to examine what relation the state of 
the wound bears to the general condition of the patient, we must first 
briefly retVr to this general condition. The most prominent, and 
physiologically the most remarkable, symptom of fever ia the rUe «« 
the fempcrature of the blood, and the consequent elevation of the 
temperature of the body. On the explanation of these mani- 
festations binge all modern theories of fever. There is no ground 
for believing that to the already existing conditions which are con- 
stantly at work in an orgauiam, for the purpose of maintaining &a 
uniform temperature, any absolutely new ones are superadded 
daring fever; it rather seems probable that a fever- temperature 
results from a change or modiflcation of those conditions by which the 
^^mjnnal temperature is kept up; they are no doubt easily and 
^^^ktually transmutable. If you only consider that man and animals 
^^^■b maintain an almost identical temperature under the moat 
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varying conditiona of atmosphere, in sammer as in winter, in hot as 
well as in cold climates, jou will easily understand that the condi- 
tions of heat production and heat radiation are exceedingly variable, 
and within certain limits may even produce abnormalities in the 
temperatures resulting therefrom. It is a priori clear that an 
increase of the temperature of the body may resultyiiMi a diminmtitm 
of heat radiation under am uui/hru ieat prodmctionyjusi as well as 
from increased keat production under an uniform ieat radiation 
(other relations of these factors to each other are possible, but I 
pass them by so as not to confuse you on this difficult question). 
The final decision of this physiological question does not at present 
seem possible ; it might perhaps be accomplished by determining 
and comparing the amount of heat produced during fever and in 
the normal condition by means of so-called calorimetrical experi- 
ments either on large warm-blooded animala or on man; but at 
present there are many and serious obstacles in the way of such 
experiments. Liebermeister and Leyden have described methods of 
calorimetry which appear to me reliable, but I must not conceal the 
fact that both the methods and the conclusions of Liebermeister and 
Senator have been energetically contested. In regard to these 
questions, therefore, we are still too much thrown back on proba- 
bilities and hypotheses. As the production of heat chiefly depends 
on the oxidation of the constituents of the body, an increased 
amount of oxidation will naturally give rise to an increase of 
the temperature provided that the radiation of the heat remain 
the same. Now, as the amount of urea found in the urine is 
considered dependent on the combustion of nitrogenous materials, 
and since its quantity is generally increased during fever and the 
weight of the body rapidly decreases, as is known from the experi- 
ments of O. Weber, Liebermeister, Schneider and Leyden, it is 
believed on this account, and as a result of the above-mentioned 
calorimetrical experiments, that the combustion is increased in fever; 
in other words, that more heat is reaUy produced than under normal 
circumstances, and more than can be utilised by the body in the 
fiame time. Tranbe holds other views regarding the production of 
this fever-heat ; he believes that every fever begins with a vigorous 
contraction of the vessels of the skin, especially of the smaller 
arteries^ and that thus the radiation of the heat is lessened ; the 
heat is therefore stored up in the body, but is not produced in 
greater quantities; although these views are expounded by the 
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with wonderful ability and acuteness and are conErmed by 
researches of Senator, I, in common with other pathologists, 
am unable to accept tbem, and chiefly because the premisses — the 
contraction of the cutaneous vessels — can only be applied to those 
€aaes which begin with rigors, and a rigor is no necessarily constant 
symptom of fever. In what follows thertfore v>e »hatl atsume that 

frver iken \» an inereaseil production of heat. As to the chief 
of this heat, whether it he in the blood or in die great abdo- 
lal viscera or in the muscles, we must let physiologists rlecide. 

For ua the question arises, How does the inflammatory process, 

id here especially traumatic inflammation, affect the temperature of 
the body ? The question is variously answered. 

1. At the seat of inflammation heat is produced in consequence 
of the vigorous tissue changes which are taking place; the blood 
passing through this part is thus heated, and then diffuses the 
abnormal heat so acquired throughout the body. 

That this part really is hotter than a non-inflamed part is easily 
proved, especially in inflammations on the surface of the skin ; but 
it does not prove that more beat is produced — it may perhaps only 
depend ou the fact that more blood is jiaG^iug through the dilated 
vessels of the part in a given lime ; if the iuflnmed part is not 
hotter (ban the blood which circulates through it, it is not probable 
that it produces heat. The researches on this point are not 
numerous, and are somewhat contradictory. The tiiermometric 
experiments of O. Weber and Hufschmidt on this point have given 
varying results ; the temperature of the wound and of tiie rectum 
(which is generally that of arterial blood) were mostly alike, some- 
times the former was higher than the latter, sometimes the reverse ; 
but the difi'erences were never very great, it was only a matter of a 
few tenths. O. Weber invented a, new method, the thermo- 
electric ; by means of some very elaborate experiments the matter 
seemed quite decided, namely, that the inflamed part was hotter 
than arterial blood, and that sometimes tlie venous blood coming 
from an inflamed part was hotter than the arterial blood flowing 
towards it. These experiments were repeated in Konigsberg by 
H. Jacobson, M. Bernhardt., and G. Laudien, but, with the final 
result of showing that no increase of heat was generated in the 
inflamed part; more recently Mosengeil has taken the subject in 
band, liis results on the whole correspond with those of Weber. 
With such contradictory results before us it seems impossible to 
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^H^e to KDy conclusion on this point. We tnaj, nevertheless, 
^^faml; \&y down that in an inflamed part there is not produced 
so much beat aa would appear necessary to raise the temperature of 
the entire body several degrees in one or two hours. 

2. The irritation which is exerted on tiie nerves in the diseased 
part by an inflammatory process may be supposed to be conveyed to 
the vaso-motor (trophic) nerve centres ; the excitation of these 
centres would cause an increase in tlie amount of tissue change, and 
thus an increase of heat. 

This hypothesis, in favour of which there are some facts, as for 
instance the varying degrees of (so-called) febrile irritability, is a 
view I used to support, but seems to me to be no longer tenable ; it a 
contradicted by the experimental researches of Breuer and Chrobak, 
who showed that fever might occur even after division of the uervm 
through which communication could be kept up between the 
pheral injury and the corresponding nerve centre. 

3. Owing to the very nature of the process, the tissues at 
seat of the inflammation undergo extensive chemical changes 
probable, therefore, that some of the products of these changes find 
their way into the blood either through the blood-vesaela or the 
lymphatics ; sucli products may easily give rise to organic decom- 
position in the blood, as the result of which throughout the entire 
blood mass an increase in the heat production would result. We 
might even admit a more cotnpiicated theory of heat production 
through the interposition of the nervous syst«ra, aud one which in 
many respects would be more applicable, namely, that the blood, 
altered by the absorption of iuflammatory products, reacts on the vaso- 
motor centres in such a way that a disturbance in the regulation of 
the hent supply is produced, and in consequence a rise in the 

Htemperature takes pbce. 

^H The choice between these difl'ercnt hypotheses is difUcutt : each 
^Rie at present has a certain show of probability. The latter theories 
have this in common, that a contamination of the blood by products 
from the diseased or injured part is taken for granted, aud tliat they 
exercise a certain influence on the heat production, are, in other 
words, fever- producing materials (pyrogens). This has to be 
proveil. It has been shown by the experiments of O. Wchcr, myself, 
and others, that in most open wounds, especially in contused wounds, 
shreds of connective tissue decompose and die ; in many spontaneous 
inflammations the circulation ceases in some parts of tlie inflamed 
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tissues, hence decomposition sets in. Decomposing tissue, then, is 
an object which must be examined as to its power of setting up 
inlUmmstory action. If filtered infuBions be injected into the blood 
of animals, they get violent fever, and not infrequently die with 
s^DiptoQis of collapse, somnolencj', aoil simultaoeous hiBmorrhagi& 
diairhcea. The same effect is produced by injecting perfectly fresh 
pus : a less vigorous effect is produced by employing the juices and 
pus-serum, which may be squeezed out of an inflamed part: tie 
KCTdlitm poured out 6y a toound during the JirHforty-eigM hovrt is 
crjiecialljf active. It will thus be seen that the products of the 
chemical decomposition of dead tissues as well as those of tissue 
changes in inflamed parts, produce pyrexia if they get into the 
blood. These products are of a very complex and varied nature ; 
some of their elementary constituents are well known to possess 
pyrogenoua attributes : thus by the injection of leucin, sulphuretted 
hydrogen, sulphide of ammonium, sulphide of carbon, and other 
products of decomposiag tissue, fever may be produced, sometimes 
even by the simple injection of water. Uecomposing vegetable 
matter also has a similar fever- exciting power. It may be dated 
there/ore t-hat Ihere it no »pecijic ffver-producer ; but that ikevumber 
{if feveT-pro)iueini mbitance* is immense. I will here mention that 
the stinking (troducta of tissue decomposition are possibly the least 
uuxious. I purposely distinguish tlie, for the most ])art, odourless 
decomposition products of acute inilainmations, the poisonous nature 
of which we have just learnt by direct experiment, from such 
products of decomposing necrosed tissue as stink from the very first, 
though their pyrogenous influence may be the same. If a wounded 
man gets fever I conclude, whether the wound stink or not, that a 
phlogistic tissue-decomposition is taking place, and that its products 
have entered his blood. 

Now that the pyrogenic action of inflammatory and decompo- 
sition-products lias been proved beyond ail doubt (you may explain 
it as you like), it becomes necessary to prove that they can be 
absorbed by the blood from tlie tissues, and to show how this 
takes place. For Ihis purpose some of the before-mentioned mate- 
rial wiitt be injected into tlie subculaiteuus areobr tissue of nn 
animal, where it can diqierse itfelf among the meshea of the tissue ; 

t, as regards fever, is identically the same as though the 
been injected directly into the blood; the pyrogenic 

lerefore is absorbed from the cooneclive tissue. I must 



124 SIMPLE INCISED WOUNDS OP SOIfT PABTS. 

just meiition here that after a short time at the jiioce vhere the 
injection of putrid fluid or of pas has taken ]>lace, there wiU be violent 
and oft^n ra|)idly progressive inflammation. Thus, for instance, I 
once injected half a fluid ounce of putrid fluid into the leg of a horse: 
after the lapse of twenty-four hoars the affected leg was swollea 
from top to bottom ; it was hot and painful, and the animal bad 
violent fever : the same result ensued in a dog, into which I in- 
jected some fresh non-putrid pus : the injection of the secretion of 
an amputated stump almost always causes gangrenous inflammation. 
This local inllammation, caused by the action of pus or putrid fluids, 
I call pUU'gogeiwun. Not ail pyrogenic materials are necessarily 
phlogogenous : some arc more so than others ; it depends perhaps 
whether the poisonous [lotentislities of the putrid fluids, with the 
nature of which as yet we are not very well acquainted, are contained 
in larger or smaller quantities. Whether these pyrogenic matters 
get into the blood through the lymphatics or whether through the 
capiUaries is not Anally settled, though they may difl'er somewhat in 
these respects. There is much in favour of the view that absorption 
chiefly takes place through the lymphatics. 

Samuel in his latest work on fever in general agrees with the 
etiology just given, and teaches that the increased temperature is 
due to an increased irritation of those nervous centres which 
preside over heat production. He declares against the acceptance 
of pyrogcnous poisons, and urges much that is remarkable in favour 
of his views. He is of opinion that the altered condition of the 
blood, which is the very essence of fever, is always the same, 
although it is capable of being produced in so many various ways. 
In order not to allow the abstraction of blood or of water, or the 
injection of water or of blood, to count as pyrogenic causes in the 
widest sense, he introduces between the last-named inflammatory 
products and the nervous centre (which corresponds with the 
diseased part) an always nuiform putrescent condition of the blood 
{itio in parUi) which is itself the real pyrogenic cause, the very 
-essence of fever. 

We have yet to say something concerning (he eoursf of fever 
]>roducetl artificlaLy in animals. The fever commences very early, 
often in one hour after an iDJection ; after two hours there is 
always a very considerable rise in the temperature ; for instance^ in 
a dog whose temperature in the rectum was loi'i" F. (39*2" C), 
I found it rise to 104*2° F. (40'»° C.) in two honra, BUd to 



tissues, hence decomposition sets Id. Decoinpoaing tissue, then, i» 
jtit object which must be examined as to its pover of setting up 
itiilammator; action. If filtered iufasions be injected into the blood 
of animaia, tbej get violent fever, and not infrequently die with 
syraptoma of collapse, somnolency, and Bimultaneous hicmorrhagic 
diarrhccft. The same effect is produced by injecting perfectly fresh 
pu§ : a less vigorous etl'ect is produced by employing the juices and 
pus-serum, which may be squeezed out of an inflamed part: /Ae 
tei^reliou poured out hg a wound during the first fortg-eight hours u 
CDpeciatty aetive. It will thus be seen that the products of the 
chemical decomposition of dead tissues as well as those of tissue 
changes in inflamed parts, produce pyrexia if they get into the 
blood. These products are of a very complex and varied nature : 
some of their elementary constituents are well known to possess 
pyrogenous attributes : thus by the injection of leucin, sulphuretted 
hydrogen, sulphide of ammonium, sulphide of carbon, and other 
productti of decomposing tissue, fever may he produced, sometimes 
even by the simple injection of water. Decomposing vegetable 
matter also has a similar fever-exciting power. It >ita>f de tlatei 
Iherefore thai there i» no specific fever-producer ; but that thenumher 
t^f ever-producing substances m immense. I will here mention that 
the stinking products of tissue decomposition are possibly the least 
noxious. I purjiosely distinguish the, for the most ])art, odourless- 
decomposition (irodncts of acute inflammations, the poisonous nature 
of which we have just learnt by direct experiment, from such 
products of decomposing necrosed tissue as stink from the very first, 
though their pyrogenous influence may be the same. If a wounded 
man gets fever I conclude, whether the wound stink or not, that a 
phlogistic tissue-decomposition is taking place, and that its products 
have entered bis blood. 

Now that the pyrogenio action of inflammatory and decompo- 
sition-products has been proved beyond all doubt (you may ex]>lain 
it OS you like), it becomes necessary to prove that they can be 
absorbed by the blood from the tissues, and to show how this 
takes place. For this jiurposc some of the before- mentioned mate- 
rial must be injected into the subcutaneous areolar tissue of aa 
animal, where it can disperse itself among the meshes of the tissue j 
the result, as regards fever, is identically the same as though the 
fluid had be«n injected directly into the blood; the jiyrogenic 

liaun therefore is absorbed from the connective tissue. I must 
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odIj dangerous as regards its function^ it is frequently dangerous to 
life also from its secondary consequences. 

External circumstances^ constitution, and temperament of the 
patient have also an important influence on the process of healing. 
Another source of danger lies in accidental diseases, which may 
affect the wound in its course, and of which, unfortunately, there 
are many ; of these we shall speak in a future chapter. For the 
present you must rest satisfied with these suggestions, the further 
elucidation of which forms no inconsiderable part of clinical surgery. 

We can give the treatment of simple incised wounds in a very 
short space. We have already referred to the union of wounds 
without loss of substance, and to the proper time for the removal of 
sutures, and this is about all that we can regard as directly in- 
fluencing the process of healing. As in all rational therapeutics so 
here it is most important — (i) to remove all injurious influences 
which may tend to interfere with the typical course of the process, 
and (2) to watch carefully for any deviations from the normal 
standard, and to treat these therapeutically as they arise, if it is at 
all possible. 

If we confine ourselves firstly to local treatment, we have no 
means by which we can materially shorten the process of healing, 
per primam intentionem, or by granulations, or reduce the time to 
one half or less. Nevertheless, most wounds require a certain 
amount of attention, although slight injuries have healed up 
over and over again without ever having been seen by a surgeon. 
The first condition for the normal process of healing is (^solute rest 
of the injured part, especially if an injury extends through the 
skin into a muscle. It is necessary, therefore, in cases where the 
wound is at all deep, that the patient should not only keep his 
room, but also that for a certain time he should keep his bed, since 
it is obvious that movement of the injured part, especially if a 
muscle, will materially interfere with the healing process. The 
second important condition is keeping the wound and its neighbour- 
ing parts clean. It has often been observed that it is by no means 
necessary to cover wounds which have been sewn up. But if it is 
desired to cover such wounds, either because the edges are red and 
swollen, or because it affect a part of the body on which the patient 
lies, or which must be covered with the bedclothes, it may be done 
in various ways. It used to be done thus : the edges of tiie wound 
were smeared with fine oil — almond oil was considered the best — 
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«nd then a pad of lint soaked in oil was laid over it ; this was 
changed daily until the sutures were removed^ or a linen compress 
from four to six folds thick^ soaked in water or lead lotion, was 
laid over the wound^ covered with waterproof^ and fastened on by 
one or two turns of bandage. 

For some time past as an immediate covering for all recent wounds 
I have employed moistened gutta-percha tissue^ then on this a wet 
compress^ and over all (in order that it should not become dry) a piece 
of waterproofing (varnished paper^ gutta-percha tissue^ or oiled silk) ; 
mdA, finally a thick layer of cotton wool (which has been boiled with 
potash in order to get rid of its grease, and to be thus made more 
absorbent) is laid on and the whole fastened with one or two turns 
of bandage. Such a dressing can be easily removed without rewet- 
ting and without giving any pain. For wetting the compresses, and 
abo the fine gutta-percha tissue which is laid next the wound such 
fluids are used as are capable either of lessening the secretion firom 
the wound, or of destroying the smell, that is, either antiseptic or 
•deodorising fluids; and which also would destroy all possible infectious 
materials adhering to the dressings themselves (of which anon). In 
my own wards the following among other lotions have been in turns 
used : — solution of chloride of lime (as much lime as the water will 
•dissolve), lead lotion, watery solutions of carbolic acid, carbolate of 
soda, sulphate of soda (about lo per cent, strong). I have not 
been able to make out any great difference in the action of these 
fluids, and on economical grounds I have generally stuck to the 
solution of chloride of lime. 

The frequency with which the dressing of a simple wound ought 
to be changed, entirely depends on the amount of the discharge : as 
a rule I advise that dressings, made according to the plan just given, 
should be changed twice a day for the first four days ; or if the 
discharge comes through the dressing during the first or second day, 
it ought to be changed immediately. Made in this way it is not now 
necessary, as it was formerly, to wash the wound or carefully remove 
a number of strips of charpie to the izreat dread and discomfort of 
our patient : if under certain circumstances it become nec«s»arT to 
syringe out a wound — and it is necessary in tie case of deep wounds, 
of which we shall speak presently — ^we should eziher use an ordinary 
brass syringe, or an EsmarcL's wound-douche ^tmgat/>r), vLicL con- 
sists of aqrlindricalveMel abcot ten indties high and firt inches across, 
having a short tap eommnmfgting with its lowert part, and to whidi 
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india-rabber tubing with a nozzle is attached : if an assistant raises 
this irrigator^ it will act as a syringe. It generally suffices^ when 
changing the dressings^ to wash the part with a bit of wool : it i» 
not at all necessary that all traces of pus should be removed. 

In many cases this kind of dressing will answer for weeks : after 
awhile one dressing per day will suffice^ aud later again a dressing 
every two or three days will be enough: cicatrisation goes on 
gradually^ and the wound closes without any more ado. Quite irre- 
spective of certain diseases of the granulations which we shall pre* 
sently consider^ it happens very frequently that under one uniform 
treatment the healing process will nevertheless come to a standstill, 
that for days together cicatrisation will cease to go on, while the 
granulation surface assumes an unhealthy appearance. Under such 
circumstances it becomes desirable to change the kind of dressing 
in order to stimulate the granulations anew. Such a temporary arrest 
in the process of healing is common in almost all large wounds. Under 
these conditions camomile fomentations may be ordered ; that is^ com- 
presses of several thicknesses, soaked in the hot fomentations and wrung 
out from time to time, may be laid on the wound, or lead lotion may 
be applied, or the granulations may be painted with a solution of 
nitrate of silver (3 — 5 grs. to the ounce). If the wound is not very 
large, ointment dressings may now be tried : the ointments are 
spread very thinly on lint or old linen ; the most useful are, king's^ 
ointment (unguentum basilicum), which consists of olive oil, wax, 
resin, suet and turpentine; or an ointment containing nitrate of 
silver (about 10 grs. to an ounce of any simple ointment, with an 
addition of a little Peruvian balsam). If the healing is almost 
complete, a little zinc ointment may be used, or a bit of cottoi> 
wool may be stuck on, and the wound allowed to heal-over beneath 
the scab. 

A very peculiar, but in many cases an exceedingly useful, method 
for promoting the cicatrisation of a wound has been proposed by 
Beverdin. He discovered that a small bit of skin, cut off from the 
surface of the body by a fine pair of curved scissors, placed in 
contact with the granulating surface of a wound, and properly 
fastened on by adhesive plaster, not only would take root, but also 
that the transplanted epidermis would grow and become the centre 
of a cicatrising islet, from which the healing over of the wound 
proceeded just as it does from its natural edge. We have very 
frequently made use of this method of transplantation or grafting. 
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the wound with epidermis in our wards^ and seldom^ indeed^ with- 
out the wished-for result. Such grafts may be recognised by a some- 
what sunken^ drier^ reddish area, which forms around them about 
the third day^ when the adhesive plaster is taken off ; these areas 
gradually increase^ and then on the sixth or eighth day present a 
bluish appearance very similar to that presented by the cicatrising 
edge of an ordinary wound. I do not in any way under-estimate the 
practical value of this proceeding, and to me it is especially interest- 
ing as being an addition to our scientific knowledge. In it we 
have one of the mdst striking proofs not only of the self-depend- 
ence of cell life in the human tissues, but also and especially, of the 
facility with which the proliferative activity of the epithelium may 
be set at work (which in disease is due simply to a change in the 
nutritive materials which are supplied to it), while the papillary 
layer of the skin-graft does not grow. Thiersch^ Minuich, and 
Menzel have made observations, from which it appears that epi- 
dermis may be successfully transplanted even eight hours, possibly 
longer, after death. The minuter details of the histological process 
of transplantation have been studied not only by Beverdin, but 
also, and very carefully, by AmabUe and Thiersch. Czemy has 
proved that buccal mucous membrane with squamous epithelium 
and nasal mucous membrane with columnar ciliated epithelium 
can be successfully grafted on wounds, and that these epithelia, 
though they retain their special character for a short time, yet 
finally become converted into epidermis. 

As regards constitutional treatment, we cannot do much with 
internal remedies to prevent or cut short the secondary fever. The 
patient should not overload the stomach after an injury, and so long 
as be is at all feverish he ought to take a slop diet. This he does 
almost spontaneously, for patients with fever rarely have any appe- 
tite ; even after cessation of the fever the patient ought not to live 
high, but should rather take only such nourishment as can be easily 
digested while he is lying in bed or confined to his room, where 
he can get no exercise. If the fever run high, and the patient 
desire something beside water to drink, he can have acidulated 
waters, such as lemonade or effervescing mixtures. Of ordinary 
lemonade they soon grow tired,' preferring phosphoric or hydro- 
chloric acid with some fruit-juice in water, or currant vinegar, or 
water in which apples have been boiled, or toast and water (with a 
little lemon-peel and sugar) ; some patients prefer almond julep, or 

I 
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er en to have the lepatation of being a yomfmei. 
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LECTURE IX. 

Camiinatian of healing by primary and by secondary intention, — 
Deep wounds, — Open treatment of wounds. — Lister^ 8 method. — 
Coceobacteria septiea. — Union of granulating surfaces, — Healing 
under a scab, — Diseases of granulations, — Cicatrices in different 
tissues — in muscle / in nerves, and their bulbous dilatation ; in 
vessels, organisation of thrombus. — Arterial collateral cireulaHon. 

To-day I most first of all add a few words about certam 
deviations from the ordinary coarse of the healing process^ whick 
occur so often that one comes to regard them almost as normal, or, 
at all events, as not very infrequent. 

It is not uncommon for the two methods of healing, by 
primary and by secondary intention, to be seen side by side in 
the same wound. For instance, a wound is completely brought 
together, and under certain circumstances you will observe that 
union by the first intention takes place at some places, while at 
others, on removing the sutures, the wound will open again, and 
only finally and gradually close by granulation. 

It still more frequently happens that a large and deep wound, if 
partially or completely brought together, heals on the surface by 
the first intention, but goes on to suppurate deeper down. The 
reason why the wound does not heal completely along its entire 
surface, provided it is healthy and vigorous, lies herein, that either 
the apposition of its surfaces at the time of the first dressing was 
incomplete, or that blood or exudation gets in between the well- 
apposed surfaces ; this exudation does not firmly coagulate so as to 
hold them together until organic adhesions have formed ; on the 
contrary, it may decompose and may set up inflammation of the 
surfaces of the wound, which, under certain circumstances, may 
rapidly spread and give rise to most dangerous constitutional 
disturbance. The possible sequelse of such injuries should induce 
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MJttep r nfaM e cfceMniAMgeiittw— Ji, which oamfriMB the 
iot ar deep wimdi^ or are Kcl; sahwqndy to bceaae amA, 

ItbqBbckar tfart in aO tifj g j t WM where the liiB b incmd 
pa order, for hwt—cc, to i^»n ■ dc^lf-«atBd tmoBr, or to 
t^c a»wf s piece of B e uiwa i hoe) a amtw mnt reaak, wfaidi in 
cnet wbese the ikia » agUK fanoght topthcr and sewn up 
beeonea Skd other with Uood «r air, tnleaa, isdeed, this can be 
Iffereoted bj romptetely anotiBg the hzmonhage, wasluDg the 
Wtxtad, and accantelv prenng the walla of the cavitj Smlj' 
together. StiU ta woanda of an eititiity, for instance, which 
pCBCtnte the mA parts and reach the boDc, the different bjrvrs of 
nmaelt* alter tbetr relative poeitioa to cacji other, so that the wound 
cnnMt be oGCiiratelj c1o»ed. 

Kspcricnce tear^hM that in such asd snniUr cases extensive 
wntuideil mrtacfm, eren if at first tbe^ can be broogbt into aceo- 
retc apposition, arc cxtrrmtljr liable to be again separated by 
wainM\fUml hieinorrliagc or fluid exadatioos, and that sach materiala 
klint up in a wonod, tbc cit«nial edges of which have become adlie- 
reof, sro v<rr]> apt to ducoinpow. Meanwhile the region of the 
wound hwrIIh, often becomea painful, and an intense fever sets in. 
I will not untidpatc by n dcncrifition of the dangerous condition of 
•nptic infiltration, or of blood poisoning, what may result from 
IhU, l>ut will only add that an early opening up of the wound and 
• fr«] nit for tito decomposing fluids often sufQce to prevent 
the ddftiUipmciit of tliesn proccsstw. As to cause and effect in such 
I Baira tlicrp ran bn no doubt, ^ritlicr is there any doubt tlist a 
im oollfKition of blood between the tissues is alone unable to 
I lip Mirh ilnnftiTous coiiditioiis, for simple contusions very fre- 

Jupnlly ocimr without niiy «ucli complications at all. Consci|ncntly 
ii lliii jiulrld deiioQipDsitiuii of the contained blood, and the 
['lfl(«li*«ly ]d)ltiKOf(rnoui) and pyrogenous atlxibutea of the earliest 
I lltidnlliiii (p. loi), whiuh create these dangers. In the trcaluicnt 
I tf ilevp Wiiuiid*, llii'jerore, our nttculion uiuet be chiefly directed 
I to illHio |iiiJtil«, (p) lo jinivcnt any accumulation of blood uud cxu> 
I itNtloits iirlwii'ii till' rd^et of n wouud ; and iu case this should 
I Rui aUfiCH'd (i) III prrvcnt tlm decomposUion of thcseHuids, in 
lenlff tlwl lltfy remain as hnrmlcM in tlic d«p wound, and ulti- 
I BiBlrty Hb h< linrtnlpwly ftlisorbrd as if lliu skin were no( broken. 
H\w» tile prouiiulioiii Dgainst decomposition in the depth of a 
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id would be unnecessaryj if there weie neither blood nor extra- 
latjon to decompose, so it ia evident that the most important 
precaution to take is to prevent any coiiectiou of these tluids; 
obviously this could be most easily attained if deep wounds were 
closed up at all, and if after all bleeding had ceased they were 
it carefully plugged with charpic, cotton wool, or any similar- 
irbent material, which should be renewed as often as it became 
itnrated with the accretion from the wound. This method is 
hundreds of years old, and the results were satisfactory because no 
otiier methods were known. Nevertheless, the inflammatory reac- 
tion in wounds (although very much less than in the middle ages 
during the irritative treatment of wounds) was very great under this 
method, as we are now able to appreciate in consequence of im- 
proved plans of treatment. 

There happened very frequently progressive inflammations, pro- 
ceeding from wounds, which were at one time attributed to individual 
and constitutional causes, and then to the general influences of 
atmosphere, and especially of hospital ab. It is only within the 
last twenty years that the correctness of the above-given treatment 
of deep wounds began to be questioned, and fresh methods resulting 
from difllerent views to be sought after. This led to two entirely 
opposed plans of treatment ; to the treatment without any dressing 
treatment of wounds) , and to an absolutely air-proof method of 
ig (he wound (method of occlusion). In the open treatment of 
ids, which, except in injuries of the extremities, is beset with 
great difficulties, the limb is eo placed that the secretions from it 
may easily flow out into some suitable receptacle placed beneath it. 
The wound secretion during the first two days is dark, blood red, 
Ibin : during the third and fourth days it becomes light brown, 
yellow, and very soon the pus serum will begin to separate from 
solid, flocculent conglomerating pus-cells : this secretion will 
to smell within the tweuty-four hours at the ordinary 
iiatmr of the room unless masses of putrid and decayed flesh or 
tissue extend into the wonnd and so convey decomposition 
\j into it : this absence of odour in the fresh secretion from 
idi must strike every one, who from past esperieoce well knows 
ilieasings soaked with discharges stink, which have been left un- 
(or about twenty-four hours. The high temperature of the 
which theyare exposed is, no doubt, the chief cause of this rapid 
iposilion. If any one, however, be disposed ra /jt-mti to believe 
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iliHt uiuirr this ''open trontmont ** a rotention of the 
iU evil ocmncHiuonoeA, i« not likrly to take place^he wfll 
uii iryi»K ^^^i" pl^^ ^ oonvinco himaelf that the object of tte 
Irrtttmout i« not by any nicann at t ttitiod by an absolute noii-i 
ur ev(*u by a purpoarh^an i«up<*rvi»ioi^ and that not only the mteie of 
the wound and ita poHition may matrrially interfere idth the cA of 
the diachargi^i but aUio that M'|>arntr caTitica may be fonned 
the wounds by local adheaimia along ita bcurders^ as though a 
had been put in, and that within theM s{K>ntaneou8ly-forBied 
the retained wound-sccn'tion, having docomposed, may gife ne to 
tiactly the same serious troubles as were experenoed mder oUer 
methods of treatment. A great deal may be done at an 
by making the flaps in such a way that the discharges mayeasOy 
quickly flow off : this in accidental wounds is not always 
easy; it requires a considerable experience. As rqjards the fiw- 
mi^n of ''pockets'' within largo wounds; we most as mudi as 
possible pierent it by daily breaking down all such adheskms cr 
from the very first by putting into all angles and comers diainage 
tnbeSy through which any accidentally almt-in secretions may at 
•ncegetont. (These drainage tnbes^ first introduced by Qiassaignae, 
are made of Tulcanised india rubber, they are of different siaes, 
and have holes cut at intervals along their sides. The expiesaiiMi 
''drainage'' is an agricultural term: fields are rendered dry by 
kying down at a certain depth below the surface a series of pocoiB 
tiles^ into which the water percolates, and throngh which it is cairied 
•ff into properiy constructed ditches.) The results, obtained aa 
the outcome of a careful and lengthened expmenoe of this method 
of carrying out the open treatment of wounds, have far excelled all 
previous ones. I first became aware of this plan of treatment through 
the observations of Bartscher, Yeain, and Burow, now more than tea 
years ago : they folly coincided with the views which I had formed 
as the result of my clinical and experimental observations and 
researdies on the poisonous properties of early wound-exndationsy 
and I have, until quite recently^ most carefully carried out this 
method of treating all deep wounds of the extremities, whether the 
lesnlt of incision or of contusion. But since several of the most 
esteemed Qerman surgeons have asserted that Lister's very perfect 
antisqptic dressing gives still mote brilliant results, I feel compelled 
to tiy the -fiMO, howevor much I may diflElor as to the trath of the 
theories on which the plan of treatosent is based. 
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; can be no doubt that it will be a grent ndvantage to a 
i man, and also a triumph for our art, if we should succeed 
in making all deep wounds heal by the first intention, without any 
danger t« the patient. In the open treatment of wounds it may 
certainly happen tliat the wound- surfaces baring been placed in appo- 
sition heal by the Grst intention without any further artificial help; 
but ou the whole it is aeldoin that this is the case, though partial 
adhesion is frequent enough, and in the absence of fever and of pain 
the wound does not reqiiire to be reopened. This has been accom- 
plished either by the application of bandages, in order to press the 
cut surfaces together, or by sutures, running deeply through the 
underlying soft parts, which are thus held together : but although 
thi^ has succeeded sometimes, it was dangerous in those not 
uncommon cases where, in spite of the pressure, the surfaces 
became separated by blood or exudations, and the latter not having 
any means of escape mostly decomposed ; such dangers censed all 
oonscientiona smgeons to desist from this method. And when, a 
little later on, an efi'ort was made to carry off these fluids by leaving 
open the comers of a wound and inserting oiled lint it was seldom 
found to have the desired effect. In my eyes Lister has the especial 
merit of having shown that all wound secretions are to be let out by 
inaerting a number of drainage tubes into the wound, which are to 
be cut short on a level with its surface, even if the whole be 
covered in by an accurately adjusted dressing of absorbent 
mat£riaU and prepared wool. If blocking-up of the drainage tubea 
hy the drying discharges be prevented by placing a bit of gutta- 
percha tissue (or, according to Lister, of silk protective) imme- 
diately in contact with the wound, we shall then have combined ail 
the advantages of an open treatment, namely, the rapid dtechai^e of 
all wound secretion with that of pressure, by means of which the 
adhesion of extensive raw surfaces with each other i? ?o materially 
fovouied. In order to prevent any of the discharge from decom- 
posing in the dressings, and lest euch decomposition should be 
conveyed to the interior of the wound, I think it safest to change 
the dressing frequently during the first few days, especially where 
there ia much disoha^e. It is in the technical details, in the 
great cleanliness which is enforced at the operations, and the 
syatemfttic mles which are laid down as to the dressings, that 
I see the great utihtyniiXiiater'^ ineUiod. Lister, however, wa» 
influenced by entirely different' id^s Jti /fhe. construction of hit 
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complicated sjatem of dressing; like myeelf he has for a long 
time been convinced tliat it is almost always a process of putre- 
faction in the wound itself, which gives rise to dai^erous and 
constitutional complications. But while I am of opinion that] the 
putrefaction of the injured and gangrenous tissues and of wound 
secretions (a special decomposition of aibnminoid bodies with the 
formation of pjrogenous and phlogogenous matters) is a chemical 
process, wliich necessarily results under certain circumatanees in 
these tissues and without the coiiperation of any new agencies, 
Lister, as is well known, accepts Pasteur's view, according to 
which putrefaction can only be set going through the iniluence of 
minute vegetable organisms, just in the same way that fermenta- 
tion, according to Pasteur'a theory, can only be commenced through 
the influence of the yeast fungus. In connection with the question 
of animate and inanimate ferments I must refer you, gentlemen, to 
organic chemistry; your teachers of this subject must explain to 
you these interesting and important subjects. In physiology you 
have become acquainted with the salivary, pancreatic, and gastric- 
juice ferments, which, although produced by the agency of cell- 
elements, are not themselves any longer living, and which, without 
possessing any of the mystic properties of an independent existence, 
act in a purely chemical manner; and in the same way I believe 
that a material may be formed during the necrosis of tissue, which 
to a certain extent may be regarded as the product of the last 
vital action of a tissue, which possesses some of the qualities of a 
ferment, and at the same time acts as a phlogogen, and possibly as 
an intensely poisonous one as regards the function of the circulating 
blood. It appears to me to be far from proven that the admission 
of minute organisms (vibriones, Pasteur's bacteria) is absolutely 
necessary for the production of such a material. That they are 
generally found in these fluids is perfectly true, but their presence 
can be explained by the fact that the germs of these little orgam'sms 
are everywhere found both in air and water, and that they develop 
in putrefying iluids with especial ease and celerity. 

Ae we must often refer to these small oi^fanisms, about the 
importance of which there is, at present, so much discussion, I will 
just give you a short descri})tion of such forms as are most 
frequently found in putrefying tissues and fluids. They are partly 
the smaller spheroids (micrococcus, fUKpvci little, and 6 Kuintof, 
t a germ), partly the smallest rods (bacteria, to (iaKTitptaf, the 
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little rod), which are foand either isolated or arranged in pairs, 
sometimes in chains of foar to twenty or more links (streptococcus, 
d trrparrog, a chain, and ic6icicoc> a germ), often collected together 
in irr^nlarly rounded and cylindrical masses by a kind of mucoid 
exudation (coccogUa, kokkoc, and -q y\la, or 7X010, jelly). 

These elements as regards their size are exceedingly variable ; they 
vary in diameter from the smallest globule which is appreciable with 
the highest powers of the microscope to the size of a white blood-cell, 
and are sometimes moving, sometimes stationary. That these minute 
organisms are not of animal but of vegetable origin, and that they 
belong to the algse, is now generally recognised, although their 
systematic classification in botany and their ultimate relation to 
each other is still under discussion; neither is their development as 
yet thoroughly explained, and even in most recent times assertions 
are not wanting that they result from " generatio sequivoca,'* or, as 
it is at present called, '^ abiogenesis " (that is, without the partici- 
pation of any living germ). As a result of my own researches I am 
inclined to believe that all the above-mentioned forms belong to a 
plant which, seeing that it is composed of cocci and bacteria, and 
that it is generally found in putrefying fluids, I have named 
cocco-bacteria septica. The process of development of this plant I 
believe to be as follows : in dry air the dry germs of this plant are 
found, which, under the microscope, appear as the finest dust; 
when placed in water they swell and throw out, in greater or less^ 
numbers, small transparent globules (micrococci. Fig. 22 a). 
According to circumstances these take on the following different 
forms: — (i.) In their development by subdivision they exude 
a mucoid, tenacious material (glia), by means of which, like 
frog's spawn^ they are held together in clusters (coccoglia or 
gliococci. Fig. 22 b). This form grows especially often on the 
surface of fluids as a very light brown tenacious film ; it penetrates 
also into the interstices of a tissue, and it may be found too in fluids 
as whitish-grey flocculi; these varieties are always stationary. 
Under certain circumstances the glia round about the globules and 
cylinders becomes thickened into a membrane, and the cocci 
contents acquire motion and swarm out through a rent in the 
capsule (ascococcus, a^Kog, a sheath). (2.) The individual cocci 
always subdivide in one direction, and some of them remain bound 
together by a delicate envelope like frog's spawn (Fig. 22 e). 
These streptococci are sometimes moving ones and swim slowly 
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acrosB the field of the microscope; they tre, hovevfx, miMtij 
aUtionarf; they ue foond both in &esh discha^ ttom wonndt 
»nd in pns also (aad freqaently in alkaline urine) in great (jnanti- 
tiea vithoat there being any oSenaive odour either in the exudation 
or in the pas. Compared with the single mictocoociis and Qie 
^iococeos, the streptococcus is that particular variety at the cooco- 
bacteria which is by br the most often found in decomposing wound- 
exudations and in the diphtheria of wounds (of which anon). In a 
state of absolate rest the streptococcus may form long thieadi 
running parallel with the surface (a so-called fungus bed [Fils* 
rasen] ) ; this, however, in the living subject ocenrs but very 










seldom, and it is very difficult to manage to see it under the 
microscope. (3.) The cocci develop into litUe rods, into bacteria. 
Each bacterion grows lengthwise and then subdivides transversely; 
by means of this form of growth chains of bactcxia are formed 
(Fig. 22/), which also are either still or moving, and may form a 
fiinguB-carpet like the streptococcus ; or the subdivision of die 
bacteria may be complete, so that only single ones, or at most two 
together (diplobacteria) result, which are sometimes abeolutelj at 
rest, but very much more frequently are exceedingly active in tbeb 
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movements. In aome kimls of iliiid the sabdiviaion of bactrn^ 
takea place with great rapidity, and the rods are tben much 
smaller; they, in fact, become almost square; licaliy, tliey appear 
rounded off, so that the differences between cocci and bacteria are 
chancterised by an almost innumerable variety of tranaition forms. 
Bacteria thrive badly in wound- exudation, in pus, or stinking 
blood ; Ibey are formed, however, and remain stationary in all the 
fluids of the dead body, and iu watet7 infusions of all tissues ; in 
the latter they are very active in their movements. 

AU these vegetations require water in considerable quantity for 
their rapid development, and organic substances, especially nitro- 
genous compounds, for their assimilation ; they can bear a partial 
witiidrawal of their water for a short time, but if they are completely 
dried then they die; even if they again partiaUy swell out in water 
they seem to have lust their vegetative activity. They can with- 
stand a temperature of some degrees below freezing, and one almost 
at a boiling-poiut of wat«r without dying, but the heat of boiling 
water kills (hem. Tliey can vegetate in fluids and moist tissues^ 
which arc completely shut off from atmo^beric air until they have 
naed all the air dissolved in these Huids, and then, unless more air is 
let in, the coccobacteriu vegetations die, as they are quite unable to 
decompose water or any organic combination whatever. Under 
such circumstances many of these coccobacteria vegetations on the 
evaporation of fluids, which is very frequent in nature, might get 
into the atmosphere and hence be couveycd all over; but in dry 
atmosphere these vegetations dry up, die, decompose, and once again 
become organic, but now no longer organisable dust. It is provided 
that this shall not be so. As in the case of many stilUwater algs 
which possess the same vital characteristics and are not free from 
the danger of drying np, so also in single elements of coccobacteria, 
a quantity of very concentrated protoplasms runs together under 
certain conditions into a darkly contoured shining globule which by 
the above-mentioned properties may be easily distinguished from 
other cocci, if it be possible to distinguish tliem with cerLiinty 
from firm fat-globules. These globules possess the properties of 
fungus spores and very resisting seed granules ; they may be com- 
pletdy dried, ei posed to far below zero, or heated over ai 2° ( 1 00° C), 
and shot oS from the atmosphere fur any length of time without 
losing their power of germinating ; on this account they are called 
" Dauerspoiren " (resting-spores) . They develope according to my 
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.observation under definite conditions very certainly and not seldom 
into bacteria ; nevertheless they sometimes form into masses of cocoo- 
gua. I am unable to say whether single globules of streptococcus 
ever changed into '' Dauersporen/' These " Dauersporen '" are the 
dry-air germs with which we commenced; for their development they 
require a quiet resting place either in or upon a fluid or on a very 
moist tissue. I have now. given you in this short review a sketch 
of the results at which I have arrived in a morphological sense as 
the result of my researches on this subject. I must, however^ 
especially mention that a more extensive examination of these obser- 
vations has not yet been made by botanists^ and that I am com- 
paratively isolated in my views and at variance in them with many 
other pathologists, who have earnestly occupied themselves with this 
subject. Most of them not only believe that each one of the 
forms described by me is a separate plant, but distinguish many 
species of each kind, especially according to the diseases which they 
cause. I must also call your attention, for the sake of clearness, to 
the fact that most pathologists regards these algse as fungi, and 
others call all the above-described varieties shortly " Bacteria.*' 

On these minute organisms, then, according to Pasteur and 
Kisber, putrefaction depends, at least that kind of putrefaction the 
products of which are both constitutionally and locally poisonous. 
If we succeed in preventing their admission into wounds and wound 
secretions, then there will, according to this view, be no more putre- 
factive decomposition of these secretions, even if some be retained 
deep down in a wound. Accordingly Lister prescribes a number of 
rules at an operation, and at subsequent dressings, all of which 
have for their object the destruction of the germs of bacteria which 
may possibly get in either from the hands of the operator or his 
assistants, or from the sponges, instruments, and dressings which 
he uses, or from the surrounding air, at the time of operation and of 
each dressing. The operator and his assistants' first of all carefully 
wash their hands with soap and water, and then rinse them thoroughly 
in a 5 per cent, solution of carbolic acid ; the skin over the part to 
be operated on is also carefully washed in the same manner and 
then wetted with the carbolic solution ; all instruments, sponges, 
and dressings which are to be used are placed in carbolic solution, 
by which it is supposed that all the coccobacteria germs are 
destroyed. In order to prevent any such germs getting in from the 
atmosphere, a % per cent, solution of carbolic add is sprayed, by means 
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of a special apparatus, over the wound, during the operation, and 
the application of the necessary dressings ; by means of this " spray '' 
the air surrounding the wound is carbolised, and the pulverised fluid 
settles in the form of a very fine and constant rain on the surface of 
the wound. We have already spoken of the occlusive dressing which, 
on account of the above-mentioned peculiarities, has received the 
special name of '^ antiseptic dressing,'' although the open method of 
dressing wounds and many other methods are equally antiseptic in 
their action. It would not be wise in this place to go more into the 
details, as our scope is the examination of principles. This appa- 
rently complicated system of Lister can be more easily carried out 
in practice than would appear from the description ; for the author 
has definite grounds for each act and rule of the process, and there 
is nothing either arbitrary or mysterious about it. 

If we inquire into the practical results of this method of treat- 
ment we mostly hear it favorably, and by some even enthusiastically 
spoken of. Although my own experience of Lister's treatment of 
wounds is not yet very great, I am, nevertheless, able to recom- 
mend it on the whole as very practical; it is no doubt capable of 
more extended use than the open treatment of wounds, but whether 
the results of the latter in wounds of the extremities are equal to 
or excel those obtained by Lister's method is still a matter of dis- 
pute. On the whole, I can most strongly recommend you to 
exercise yourselves in the principles and practice of Lister's treat- 
ment, for by it you will certainly get most favorable results. 

It is quite another thing, however, when we come to inquire into 
the correctness of the theoretical views which Lister holds, and to 
examine whether he accomplishes by this method of operation and 
of dressing what he strives for ; it has been amply proved that the 
same forms of coccobacteria are just as frequently found in the secre- 
tions of those wounds which have been treated after Lister's plan, with 
brilliant results and without any constitutional disturbance, as in the 
secretions from wounds treated on the ordinary plan. From this, 
then, it may be inferred ( i ) that the presence of these organisms in the 
discharges from wounds does not ipso facto account for their phlogo- 
genous and otherwise poisonous properties \ (2) that Lister's method 
of dressing affords no guarantee for the destruction of the cocco- 
bacteria germs. On this subject it may no doubt be said, that it 
is not yet certain that these germs get into a wound only from 
without ; it is quite possible that they are constantly being taken 
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directly into the blood from the inspired air ; and while under nomud 
conditions they do not develope, yet that they may grow in the 
discharges from a wound. If this be possible, then the theory of 
Lister's method, in so far as it chemically deals with germs, no 
longer holds good. I therefore believe that in all those cases, 
certainly not very common ones, in which coccobacteria germs 
have been found in deeply-seated but absolutely closed wounds, 
which have never communicated with the air, no other explana- 
tion of their presence is possible than the one I have just given. 
This variance between the theory and practice of Lister^s dressii^, 
apart from the fact that to practise it exactly is very expensive, 
that carbolic poisoning more or less pronounced is very common, 
and that it not infrequently causes a dermatitis which is very painful 
and troublesome to the patient, has led to a constantly decreasing 
strength of the carbolic solutions, and even to a substitution of other 
less irritating antiseptics (salicylic add, by Thiersch; sulphide of 
sodium by Minich), Further, many variations in the method of 
dressing have crept in (Yolkman, Bardeleben), the spray has been dis- 
pensed with and the wound after the completion of the op^ation has 
been washed out with concentrated antiseptic solution, &c., so that 
Lister's dressing has already been greatly modified, and yet each 
modification, it is said, gives as favorable results as the original 
method. All this tend» to confirm me in the opinion I formed, on 
first hearing of this plan of treatment and its results, and which I 
expressed at the commencement of these observations. It is this, 
that the scrupulous cleanliness of and the very careful draining away 
of all the discharges from the wound are by far the most important 
factors in the success. Those surgeons more especially think very 
highly of this procedure, who formerly paid little attention to these 
points and who, according to old tradition, handed over the subse- 
quent dressings to the dirty hands of nurses or to careless students ; 
now every precaution as to cleanliness in each case is care- 
fully and systematically adopted. The doctrine, too, of local 
infection is ever spreading, and is being energetically advocated; 
it has directed our attention more and more to the necessity for a 
rational treatment of wounds, and has done much to pave the way 
for the open treatment, for Lister's method, and for the introduc- 
tion of antiseptic applications. 

Gentlemen, we were led to make these observations on the peculiar 
conditions of deep wounds by the consideration of different combi- 
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nations of healing by the first and by the second intentioD, and now 
we revert back again to these shght deviations from the normal 
course of healing. I must, however, mention a kind of union of the 
smfoccs of a wound which consists in the adhering together of two 
well and closely apposed granulating surfaces. This kind of 
healing, if you like, you may call healing by the third intention : 
very seldom does it happen spontaneously. The reason of this is 
easily understood: the surface of the granulations is constantly 
secreting pus, and so long as this is the case the two soifaces are 
only apparently in contact, for between them is a layer of pus. 
One occasionally succeeds, it is true, in preventing any exten- 
sive formation of pns by pressing the two granulating surfaces 
together, and then they may adhere together ; this is best accom- 
plialicd either by drawing the edges of a wound lirmly together by 
means of good adhesive plaster, or by the application of deep 
sutures ; and for this purpose it is well to choose metal ones. 
Unfortunately, even with tliese measures, the attempt to bring 
about a rapid union so seldom succeeds that it is only very excep- 
tionally employed. The best results are obtained by putting in 
secondary sutures made of metal ; they should be placed at least 
half an inch from the edge of the wound, and not applied until the 
sixth or seventh day, by which time the tissues will have become 
firmer and harder, and the sutures will therefore cut through leas 
()uickly. 

La^ly, there is another kind of healing, namely, healing of a 
surface-wound beneath a scab. This is only seen at all frequently 
in little wounds, which do not secrete much pns, for only in such 
cases does the pus dry up on the surface of the wound into an 
adheivut scab ; in profuse suppuration the surface of the pus may 
dry owing to the evaporation of its water, but so long as fresh 
pus is being constantly poured out beneath, it is impossible to get 
an adherent scab. If, however, such a scab does form, the granu- 
lation tissue grows less copiously beneath it, possibly on account of 
the preaeure of the hardening scab, and because it is less moist; 

I thos the epidermis beneath the scab is more easily regenerated. 

I wound may cicatrise completely before the scab falls off. 
!be surface of the granulations, especially of largo wounds, not 

kqueutly assumes a different aspect to the normal appearance, 
e arc certain diseases of granulations the characteristic forms 
^hicb 1 will now brieUy sketch, although the varieties aro so 
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scab will quickly form^ and within twelve to twenty-four hoors^ or 
even less, fall off. You must repeat this mild cauterization 
according to circumstances, until, in fact, the surface of the granu* 
lations is quite even. Another and very good method is to bestrew 
the wound with powdered red oxide of mercury (Hydrargyrum 
oxydatum rubrum) ; this must also be repeated daily in order to 
improve the granulating surface. Pressure by means of strapping 
occasionally acts very well. If the granulations be exceedingly 
large and prominent, you will succeed most quickly by removing 
a portion of them with the scissors, or with a sharp spoon; if 
there be any haemorrhage it is readily arrested by means of a 
bandage. 

(2) Erethetic granulations. — Under this term we refer to such 
as are characterised by great pain on the slightest touch ; they are 
generally very prolific, and easily bleed. They are an exceedingly rare 
variety. In highly marked erethismus of the granulations they are so 
sensitive that even the slightest touch cannot be borne, and any and 
every kind of dressing is painful. Minor degrees of sensitiveness are 
common enough. On what this depends is not very clear, as 
granulation tissue itself does not contain any nerves; in most cases 
handling them causes no pain ; sensation is the result of pressure 
conveyed from them to the subjacent nerves. In the cases above 
referred to, of great tenderness the nerves on the floor of the wound 
have probably degenerated in some peculiar way; perhaps their 
finest endings have become thickened en miniature^ as we shall pre- 
sently learn the larger nerve-trunks do. More accurate observations 
on this subject would be very valuable* We occasionally observe 
similar conditions in the cicatrices of large nerves ; we shall have to 
speak of this subject later on. In order to allay this very trouble- 
some pain, which not only interferes with the healing but also greatly 
irritates the patients, you must first try mild ointments, such as 
almond oil or simple ointment (consisting of oil and white wax), or 
poultices made of boiled oatmeal or linseed-meal, or warm fomenta- 
tions. Narcotic fomentations or poultices made with the addition 
of belladonna or hyoscyamus leaves are of no material benefit. If 
this does not avail, then do not hesitate to apply to the painful 
places, or even to the entire granulating surface, either caustic 
(nitrate of silver or caustic potash) or else the actual cautery, 
having previously given chloroform, or you may scrape off the entire 
mass of granulation with the sharp spoon. If this great sensitive- 
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lUiM tnd irritation be dae to hysteria or aniemia, then local 
will not be of mach avail ; you most endeavour to reduce this mi- 
lability by internal remedies^ such as valerian, asafotida, iron, warm 
baths 9 &c. 

(3) It further happens in large wounds, and especially also in 
fistulous granulations, that a membrane will form over some portion 
of the granulating surface, which may be easily detached, and which 
on a closer examination is found to consist of pus -cells, extremely 
adherent to each other. Although I have occasionally found between 
the cells some areolar filaments, yet this is not always the case, and 
we must therefore suppose that the cell contents, the protoplasm 
itself, is transformed into fibrine, as occurs in true croup, and espe- 
cially in the formation of false membranes on serous surfaces. Here, 
then, we have to deal with croMj) of granulations. The croupous 
membrane is re-formed in a few hours after its removal, and this 
goes on for several days together, till it either disappears spon- 
taneously or finaUy ceases as the result of treatment. 

Very similar white spots are sometimes found on large granulating 
surfEuses, which are not the result of fibrinous deposit either on or in 
them, but are probably due to plugging of local blood-vessels. Under 
unfavorable circumstances both these conditions may terminate in a 
destruction of the granulations, as also in true diphtheria of the 
wound, of which I shall speak later. Fortunately, however, it rarely 
goes on to this stage, and after awhile the appearance of the sore 
begins to improve and healing takes place in the usual manner. If 
such a disease of the granulations is accompanied by swelling, 
increased pain and feverisbness, then we have really to do with an 
acute inflammation of the wound ; the flabby granulation material 
becomes coagulated into a fibrinous mass, and the surface of the 
wound looks yellow and greasy. I shall refer to the causes of such 
secondary inflammations of wounds when treating of contusions 
later on. 

It cannot be denied that the entirely local manifestation of 
fibrinous exudations, both superficial and interstitial, strongly sup- 
l)orts the view which Virchow has enunciated for croupous 
processes generally. It was formerly held that the blood was over- 
rich in fibrine in all inflammatory croupous processes, to which the 
ordinary form of acute inflammation of the lungs and pleura essen- 
tially belongs ; in consequence of this the increased quantity of 
fibrine, escaping &om the capillaries in a fluid form, coagulated 
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tiy oiij parllf in the eabstance of, the inflamed tissues, and bs 
led to the foruiation of these pseudo-menibranous deposits. VJr- 
chow, on the other hand, started the view that the tissues, owing to 
the inflammatory processes going on within them, acqaire the power 
of coagalating tlie exuded fibrine witli which tbej are infiltrated. I 
cannot liere more fully enter into the various grounds on whick 
Virchow bases this view, but will content myself by pointing out 
that in the present case of fibrinous exudation on a granulating 
surface it cannot be a question of a sudden or temporary iibrinona 
condition of the blood generally, but is evidently the expression of 
some purely local process, which may be easily stopped by purely 
local means. According to the already mentioned observations 
of A. Schmidt we may conclude that under certain forms of 
irritation the tissues throw out more librogenous material than 
usual. Virchow had previously pointed out that by long-continued 
irritation simple serous exudations might become fibrinous or 
croupous. If cantharides be applied to the skin a blister full of 
wioQS exudation is quickly formed, that is, the epidermis is raised 
from the derma by a rapidly formed serous exudation from below; 
now, if this blister be removed and the cantharides reapplied, ia 
many cases the surface becomes covered after a few hours with a 
fibrinous layer, which will be found to contain innumerable newly 
formed cells, indeed to be composed of them entirely. The same 
result may be obtained by applying the blister to an already 
inflamed surface or to a recent cicatrix. 

The treatment of croupous inflammation of granulations is purely 
local : we should carefully look for any possible source of fresh 
irritation and endeavour to remove it. Let the false membrane be 
removed daily and touch the exposed surface with nitrate of silvec 
or paint it with tincture of iodine ; under this treatment the 
abnormal condition of the granulations will soon disappear. 

(4) Ueaides the above-mentioned disaases of granulations then 
a a, condition of complete relaxation and collapse in which they 
present an even, red, smooth, shiny surface, from which the tubei^ 
culnled granular appearance has completely disappeared, and from 
which, instead of pus, there is secreted a thin watery seruin. ThiB 
conUitjon of granulations almost always recurs xubjinem vitte ; jou 
will constantly find it, as I have already remarked, on the dead 
lubject. 

It is ncccsoary to add something about cicatrices, as to tfaeii 
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seeondar; changes, their proliferation, and their appearance in 
different tissues. 

Linear cicatrices of wounds which have healed by tlic first inten- 
tion seldom undergo any subsequeut degeneration. Large broad 
cicatrices, if situated immediately on bone, very often open again, 
because either from traction, a slight blow or abrasion, the epidermis, 
which at first is very tender, gets torn off, and a superficial sore, an 
excoriation of the cicatrix, is produced. Sometimes it happens that 
the young epidermis is raised into a blister by au exudation from the 
vessels of the cicatrix, into which also slight haemorrhage may occur, 
BO that the vesicle becomes distended with blood-stained serum. 
After removal of the bleb there remains an excoriation, as aft«r 
simple abrasion of the epidermis. This abrasion of the scar, if it 
recur often, is exceedingly painful to the patient. You may best 
guard against such an accident by advising your patient to protect 
it either with cottoa wadding or with a bandage. But if an exco- 
riation has occurred treat it with very mild and simple measures, 
such as sweet oil, glycerine, cerate, zinc ointment, or lead plaster. 
Stimulating olatmeuts in such cases only enlarge the wounds, and 
on that account are to be avoided, 

When the granulating surface is once covered witli epidermis, as 
already stated, a retrogteasive change to firm connective tissue takes 
place, and it atrophies. In rare cases, however, the cicatrix takes 
on an independent growth and develops into a hrm connective-tissue 
tumour. Tills only occurs in small wounds, which have snppurated 
for a long time and become covered with spongy granulations, and 
over which llie epiderraia has closed in some exceptional way. 

Yon know that it is the custom to pierce the ears of young girls, 
90 that they can wear earrings. This small ojieration is done with 
a large needle either by the mother or the goldsmith, antl immediately 
afterwards a small earring is introduced into the puncture. As a 
rule, the small hole quickly cicatrises, and Hie ring prevents its 
closing. In other cases inflammation and suppuration sets in ; 
tbcringmay even cut through the lobule inconseqaance of the long- 
continued suppuration, fuugnting granulations develop around the 
points of entrance and exit, and finally the attempt is given up and 
the ring rrmoved. The ojieoings now usually close inimediately ; 
sometimes the granulations cicatrise and the cicatrix continues to 
grow, and on e^icli lobe (here forms a small connective>tissue tumour 
— a fibroma (or keloid, from khXIc, a staiu, and tiSoc, like), which 
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resembles a tliick shiit-button drawn into the orifice of the ear ; hs ia 
other tumours, there is independent growth. If you examine these 
tumours you will End them i>erFectly white on section and of a fibrous 
appf nmnce ; like the cicatrix itself, they are made up of a connective 
tissue, rich in cells ; they are, in fact, a proliferation, a hyperplasia of 
cicatrix. I have frequently observed these changes in the ear, and ] 
Dieffenbach also refers to a case in his ' Operative Surgery.' 1 have ' 
iilso once seen these tumours in the neck ; they occurred at the orifices 
of a aeton, and each one was as large as a chestnut. They must be 
carefully removed with the knife, and any subsequent granulations 
most be checked by the application of nitrate of silver. 

We bave hitherto confined ourselves for the sake of simplicity to a 
description of the formation of granulations and cicatrices in connec- 
tive tissue; we must now refer to them as they occur in other 
tissues. 




Cicatrix rroru tbe nppr lip of a dog ; conuective tissue at a .- tba divided 
muscul&r fibres are Tor u abort distance atraptiied, and then termiuate conioallj. 
Magnified 300. 

The cicatrix in muscle is at first almost entirely connective tissue ; 
at the ends of the primitive muscular fibres a degeneration first takes 
place, then within certain limits the production of cells ; the fibres 
nest become rounded ofT, sometimes club-shaped, more frequently 
conical, and the extremities of tbe muscular fibres unite with the 
connective tissue of tbe cicatrix, just as they do with the tendons; 
tbe cicatrix in the muscle, in fact, becomes an imcriptio lend'tnea. 
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For my own part, I have only studied wounds of nmsclf which 
have healed per primam, and [ have never aeen anything which I 
could regard as a re-formation of muscular fibres. O. Weber has 
observed in a slight degree a new growth of muscular fibre in suppn- 
radDg muscles ; this seems to occur especially in granulating muscle 
ind in certain forms of tumours. 




The titremilies of ihvided miiscular bundles from tlic biceps of a rabbit 
eight days after the opration ; a, L, e, old maacular fibres ; a, the oontroctUe 
lubatancs rolled up and heaped togctlier ; tlie same in tlic fibres above d ; a, 6, 
tho same, with the sarcolemma drawn out to a jioial ; c, a Dumber of young 
oells passing into the conically bliaped Barcolcniina, betweea Ihem lUereii a 
delicately striped substance; i^, connective' tissue granalations ; f, the suae 
with youu!" free muscular fibres; J] two jounf; flattened muscular Dbres; y, 
ditto of different siee and isolated. Uagatfied 450 times. After O, Wober. 

Weber is of opinion tbat young muscular fibres are principally 
formed by division of the protoplasmic substance of the extremities 
of the old muscular fibres, but considers it impossible to prove that 
muscular librea may not also Lie formed from other young cells. 
Aa the result of his examination of older muscular scars, he believes 
that regeneration is constautly going on and tbat in process of time 
it becomes mote complete than is generally supposp<1. Muloirekj 
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belierea in the transformation of wandering cells into muscular cells, 
but I do not think the results of his experiments with cinnabar are 
sufficient to prove his point. 

Gussenbauer has affirmed that a destruction of the contractile 
substance of the muscular fibres generally takes place after the 
injury, and that new young muscular elements are devcloped^-on 
the same plan as in foetal development. — almost entirely out of the 
cells contained within the old muscular fibres ; the amount of the 
new formation depends on the kind and duration of the irritation. 




if regenerotioQ in striped muscular Gbre after injurj, Magnified 
about soo times. After Gussenbauer. 

Wben a nerve is simply divided the cut extremities, by virtue of 
their elasticity retract ; they swell slightly, and then by a fresh 
development of true nerve-tissue they subsequenly reunite, so that 

I nerve power is again re-established through the cicatrix. In large 
prficial cicatrices new nerves develop, and even after the excision 
aortions of skin, the distant parts having been brought together 
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Km. iC).- Kmni ■ rabbit fifteen dajs nrter section ; jonng spindle cells in 
tliii iinrvflf niln, develoiwd from Ihc connectiTo tissue, and ultimately connected 
Willi the iiiMirilemma, 

Kiu. J7.- -Krnin the froft ten weeks aTter section. Derelopment of yonng 
iinrtip iiplli rruiii spindle cells. Multiplied 300. After Hjelt. 

\V(i vuiiuul go more into details respecting these facta; I wiU 
(iiily iiti-utiuH that the minuter processes, vhich heve been most 
cnrrrulljr ntudinl by 8chifT, Hjelt, and others, are somevhat as 
rtillowM. 'rhrrt' i» first of all a degeneration of the medullary sheath, 
|H)nilUv kImu of Ihf axis cylinder, for a certain distance from the 
iiyjiirv. wliit'li )» i)uickly followed by the prmluction of cells in the 
iH'nrilriiium : thrw develop lulo spindle cells and spread into the 
liaattf wltioli intrrvenrs bt'tween the ucr^-e-tibrils, and vhich extends 
tioKs iH'Ui't'Utlif vul rxtn'iuities of the uerm. From these cells, as 
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tbe embryo, new nerve-fibres are developed ; the fibres, wbicU at 
! very paie, are provided witli a medullary »iheath, and 

malelj cannot be distinguished from ordinary nerve-fibres. 
e most recent researches on the ultimate significance of wan- 

bg cells in tissue regeneration, as also some arigina] investi- 
gations on tbe reproduction of nerve-substance in tadpoles' tails after 
injury to the nerves, have shaken my former belief that such rege- 
neration proceeded from the spindle cells. It now seems to me 
mncb more probable that the divided axis cylinders grow out into 
young nerve-fibres; that the long-shaped spindle cells, which are 
tuidoubtedly present in the nerve-callus at certain stages of the 
process, eitiiex belong to the connective tissue of the neurilemma, or 
that they are detached nucleated fragments of young nerve-fila- 
ments. This view, the correctness of which I have not been able 
to verify by further expeiiments, appears to me to be very near 
the truth. 

The recent researches of Neumann and Eichhorst corroborate 
earlier observations as regards the immediate efiects of division, but 
they BJiow that the young nerve -filaments really grow directly from 

Fie. a8. 




Nerve* of mbbit; a, serenteen dnya, I/, fiTtj dnja ; c, frog's nerve thirtj daja 
«ft*r ditision. Multiplied about 600 limes. After Eiclihorst. 

the axia cylinders of both the central and tbe peripheral extremities, 
; Ihey meet and then grow into each other, just as primitive 
;9 join with other vessels, and so become channels of com- 
ibicatioD Wtween them (Arnold). The process of repair in 
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ig uTpJ Mfrev, then, eorrefpoads euedr vith that in injured 
Kuv^itf - Xer jOQZiz flimesis bnsKii out bom tbe cxtieaiities of 
yrsx^Tt tbns hoik ia aaoides ind in Dcrrcs (fig. 28, a, compare 
with £z. 25. . 

liea», tbcn^ it is now oenain as racards mnades Tcseds, nerves 
acd cpitfacib, that tbej are not resencfatcd £poni a heaping up 
<^ prolifenting oomxctiTe-dssiie^-cclls, nor £poni wandoing oeDa, 
bat br a budding' out of tbeir ovn tisnie. that is^ from oeUa which 
fpring ffom tbe protojJasm of their oan tissue. It seems possible 
that ocmnectiTe'tissiie^eUs also, ai least soch as still contain proto- 
plaf m, cend oat offshoots in a similar vaj to the injured sorbce, in 
which nuclei ukimatelj derdop, just as is the case in the growing 
nerves in the tadpole tails, which onlj subsequently become 
nackat4:d. On this point, however, further investigations are 
Lttdtd. In the mean time we maj admit that the wandering cells 
ajjco serve for the formation of Tounsr connective tissue. We have 
been do ftron^v predisposed in favour of the formation of tissue 
from cells ever since Lehmann first taught that newly formed 
tisiFue alvavs results from young cells, that the idea of an inde- 
pendent growth of a finished structure without the aid of cells finds 
hut little favour ; the formation of cells also by means of budding 
out, with subsequent development of a nucleus in the bud is a pro- 
ces?!, which histologists have long kept in the background and 
everywhere substituted for it cell subdivision ; botanists, on the 
contrary, in the development of vegetable tissue, attribute a most 
irnfKirtant role to this mode of tissue formation. It will be seen 
from the most recent observations, already referred to, that the walls 
of the capillaries, the axis-cylinder of nerves, the contents of muscular 
fibres, reallj do possess the power of growing out without the 
ilin^t participation of new cells. Eokitansky has already claimed 
for the connective tissues the power of independent growth. Seeing 
the (^niest and constant research which is being made in this 
direction, it will probably not be very long before we arrive at a 
proper conclusion concerning this point. 

In man, the regeneration of nerves takes place only within certain 
limits, which, it is true, cannot be very exactly defined. The com- 
pleti; regeneration of large nerve-trunks, such as the sciatic or 
trMidian, docs not take place, nor after excision of portions of a 
nerve-trunk if the extremities of the nerve be separated to the 
extent of about one centimetre (half an inch). A verj accurate 
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lorition of thi! ends of the nerve is absolutely necessary for their 
I, since the transformation of the newly formed intermediary 
aace into nerve sabstance can cerlainly only talte [ilace 
ragh the agency of the nerve-exlremities, although there may 
'te differences of opinion as to the "nature of this process. We 
shall presently find that similar conditions obtain in the healing of 
broken bones; for bony union only results where there is a 
proper coaptation of the fragraents. Now, what is the condition 
of things in this respect in the tissue of the brain and spinal cord ? 
Li man there ia no regeneration after injury or loss of substance 
consequence of spontaneous inflammation, or at least not «ulli- 
it to re-establish function. It is true tliat, in animals, as Brown- 
uard has demonstrated in pigeons, regeneration with recovery 
the paralysLi which naturally affected all parts below the seat 
of injury, may follow complete section through the spinal cord. 
Unfortunately this power of repair in nerves decreases in direct 
ratio with the higher development of vertebrates, and in man is 
least marked of all. In young salamanders it is well known that 
whole extremities grow again after having been amputated. It is a 
pity that this is not the case with man I Nature, nevertheless, 
occasionally makes a fruitless attempt at regeneration as regards the 
nerves. It often happens that the nerve-extremities in a stump, 
instead of simply cicatrising, develop into club-shaped expansions. 
These nodules (amputation neuromata) consist of primitive nerve- 
fibrils all tangled together, whicJi seem to have developed from the 
nerve-stnmp as though they were growing towards similar fibres 
coming from an opposite direction. Cicatrices in the continuity of 
a nerve Gometime» remain knotty, owing to the formation within 
them of superabundant iibrils which become twisted on themselves. 
Such like small nerve tumours (true neuroraataj are sometimes 
exceedingly pauiful, and have to be removed with the knife. There 
are also traumatic neuromata which are never painful, as I have seen 
in old amputation slumps. Tiiese proliferations of nerve scars are 
generally compared with hypertrophy of ordinary cicatrices and 
with growing masses of bone, which, although rarely, are sometimes 
foand in great superabundance in the healing of fractures. 

The process of healing in the great vessels after injury, especially 
of arterial trunks, has been carefully and ex [jeri mentally investigated. 
When a large artery is ligatured, whether after amputation or on 
account of injury or disease in its continuity, the tunica intima is 
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Club-like eitremitiei of nems in u old ampntatioD Btmnp of the unu 
From • preptnlioD in the Mnseom at Bonn. Copied from Fnriep, ' Snr- 
peal Plate*,' toI. i, pi. 113. 

It is generally believed ttutt the arterj becomes plagged with 
co^nlaled blood, a so-called thrombus (u ^po^^oct > clot of 
blood) from the point of ligature to the next branch, vhich is gives 
off both at the central and at the peripheral extremity. The 
Itgatnre destroys the enclosed tissue, vhich gradually softens, and 
when this process is complete the ligature drops off, or, as ve tech- 
nicallj^ express it, " the ligature cats through" or "comes away." 
When this takes place the arterial lumen must of course be perm&- 
nentl; and securely closed, or otherwise hemorrhage would imme- 
diately occur. Under unfavorable conditions it aometimee h^pou 
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BPlh in small, in uiidille-aii'.eil and in lai^e arteries thikt the ligatoifl 
koines away too sood, and tlien very dangerous and suddeM 
secondary hicniorrhage occurs. This may be expected if thd 
arterial walls are diseased ; it is often quite impossible to ligatuiH 
calcified arteries, because the ligature either does not occlude Uufl 
himen of the vessels or cuts its way through almost immediateljj 
There are also conditions of softening of arteries (as, for instauoejl 
when portions of them have been for a long time exposed in an 
abscess cavity) in which a ligature would probably cut through 
while in the act of tigliteuing it; in such cases it is of course 
desirable to apply the ligature at some spot further removed. 
Unfortunately luemorrhage may occur at the seat of ligature only 
too often, even in healthy men, as I had reason to experience 
during the late war ; this is because ligatures, even when 
applied according to all rules of the art, sometimes cut their way 
out through the arteries too quickly, and before the organic plug 
has become sufficiently solid to successfully withstand the pressure ■ 
of the oncoming blood wave, an unfortunate circumstance that con-« 
siderably lessens the value of an operation, which is oflen absolutely* 
essential to life. m 

Let us DOW take into consideration what takes place in the end ofl 
the vessels from the period of coagulation of the blood until when thd 
closure is complete ; experiments on animals and Fig. 30. I 
accidental observations in man have taught us the 
following facts. The blood-clot, which at first lies 
loose iu the vessel, gradually attaches itself more 
and more firmly to the wall of the vessel, and at 
the same time becomes more compact; it, however, 
Temaina red for a long time. It is only after weeks 
or months that it becomes decolorised, and then in 
tho centre first, so that the remainder still retains a 
light yellowish colour. After the removal of the 
ligature the thrombus is so hard, and adheres so 
firmly to the vessel-wall, that its lumen becomes 
completely closed. This preparation {fig. 30} 
shows the formation of a thrombus in an artery 
after ligature in its continuity; ihe lower one r t ^ 

reaches as far as the origin of the next branch, j„ j^^ (,I,„t^^^ ■ 
the upper one not quite so far. The former coodi- Thrombus, 
tion should, according to most books, be the rule, After Froriop. 
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tir.<^ .vj:^ xce ez£«scicii : cue icenrrzu; :o air cwii ezpenaa m the 
..7»::/«r^ ^Jl Izrzt vtjtia^ ^hia ccziii3i>:a ▼«▼ seqnenclT ocnos. The 
p. «7^x.7 'A % Teasel br sieaza c^ a acJiif^ia? hiocd-cloc b» hoi 
f;f,\'{ a temf<»ruT er;iidfncn, becaose hhe thraoLbas doo noc 
M tr^k^ if A zej !ea;?tci of nzn*^ ; h becGmes ccaT^sz^ into 
Uwoe and atropkii» : thii takes pLkce in the coarse of moothi or 
jt*n, 'i-QTrn? vbich tunc the ciceore of toe utcrr bds become con- 
pi^sU, at th^ AiTAtA spcta by the blendinz toeecher of its vilk. 
f f T^tj ^^lamifie rach an arteir some months after it5 linture Toa 
«;ll v^ nothing of the clot, bat will find that the arterr tcr- 
minat^ in a cfmiml point among the connecdTe tissae of the 

Thi; criangtt which we hare joat sketched can be followed with 
th^. m\ccA tjt'f ihfj nhow that the changes which take place in the 
hU^A-f-AfA eM^^tiallj consist in its solidification and in its in- 
cr^Minpt a/lhenion Ut the wail of the vessel. Let ns now study these 
thkU^tfA f/jkT//ftcop]callj. If joa examine the recent blood-dot^ joa 
find it Uf cz/fjAi^t of red corpojicles, a few coloorless corpuscles, and 
of a fiTtti irre^rjlarljr arranged fibriUated network, the coagulated 
Uhriru:, Tak<: a thrombus from a small or medium-sized aiteiy, 
two tlkyn HfU-.r lifrature yon will find it harder than before and more 
')iffi/;iilt Ut hrt^k up ; the red corpuscles are little altered, the white 
tfwn ar<; c/;ri^iderably increased (in number) ; some show two and 
iUrtA'. uut'M, M uftMaJ, othcTs single, pale oval nuclei with nucleoli; 
Nor/ir of ih<:M; cAU an; twir^; the size of a white blood-corpuscle. 
TUt: fine filirilN of the fibrine arc bound up into a firm, almost homo- 
f/i'ni'oijn nniMN. If you further examine a six days' old thrombus 
I III' riMJ lilood'^orpiiNclcs have almost disappeared ; the fibrine is, if 
|)niiiiilili% lirnK'r and more homogeneous, and still more dijfficult to 
Irnr; ii lur^r number of spindle cells with oval nuclei are visible. 
I'Vorn wlnit Iiiin been niiid, it is evident, then, that a number of 
rnrniiilive eelU early appear in the blood-clot, the farther develop- 
nienl of wliieli will be ((iven further on. As a more exact idea of 
Hie elian^eN in the ihronibuH, and of its relation to the arterial wall 
eitii be obtained by niakiuf^ tnuisverHe sections of thrombosed arteries, 
Irt UN iniike line of Huel) for our further studies. The annexed dia- 
frrnin (\\\i, ,p ) lepreHeutH n triinKverse seet ion of a recent thrombus 
III a Hniall artery. The delieuteeentral mosaic work is formed by the 
enlU()^e^4Ned retl blood eorpUMeles, among whieh arc a few round white 
blootl-et^lU (whieh have l)eei\ rendered visible by staining with 
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carmine] ; then comes the ttmica intima, which is arranged in regular 
folds, within which the blood-clot becomes Brmly adherent ; then the 




Beoent thrombin in trBnarene lection. Ui^iEed 300. 



I mascolaris, and lastly the tunica adventitia with a network of 
: fibres, to which on the right side a iittie loose connective 
is attached. 



Fig. 31. 




Thrombus sii dnys old. Transverse ieetion. Mnltiplied 300. 



his preparation (Gg. 32] is the transverse section of a thrombosed 
y of the sixth day, from the huuiau subject. Here nothing more 
can be seen of the red blood-corpuscles, but in their place is an ex- 
ceedingly fine network of fibrils ; the white cells are much increased 
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in nomberB, and mostly round, while in tbe tnnica adventitia and tbe 
BiuTOunding connectiTe tissue the infiltration of cells has alreadj 
taken place. 

Fw- 33- 




Tbrombus of tea dajs ; a, organized thrombus ; 6, tanica intioia ; •;, tanica 
mascnlaris ; d, tonica adTcntitia. Magnified 300. 

If we now examine a thrombus ten days old (fig. 33) in a lai^ 
muaculai branch of the thigh (after amputation), we shall find a 
number of spindle cells, some of which will be arranged in loops, 
which eubsequentl; become vessels ; the intercellular substance is 
markedly Bbrillated and rendered transparent by acetic acid. Finally 
blood-vessels are formed in the thrombus, as may be seen in tbe 
following preparations (figs. 34 and 35]. 

According to the researches of O. Weber it is established that 
the vessels of the tbrombus anastomose partly with tbe thrombosed 
vessel itself and partly with its vasa vasorum (fig. 35). 

The process of healing in veins which have been divided trans- 
verselj at first sight appears much simpler than in the arteries; 
even the large veins of the extremities collapse when cut across and 
appear to heal up without further trouble, when the blood has been 
arrested at the nest valve above ; about these valves a coagolom 
forms, often more extensively than we desire. Blood-clots extending 
in the direction of the heart will occupy our earnest attention a littls 
later on. 
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I haTe more recently obaerred, however, that the 'mtima of a 
divided vein does not by any means always simply collapse and 
become adherent; but that a small thin clot is formed, which 
becomes Denized just in the same manner as arterial thrombns. 

If we may draw any conclusions from the few preparations which 
I have here demonstrated, it results that a cell infiltration takes 
place into the coagulated blood-clot, which leads on to the develop- 
ment of connective tissue ; in short, the thrombus becomes organ- 
ized. The thrombus however is not a permanent structure; it 

Tig. 34. 







Completely organized thrombus in tlj^ posterior tibinl nrlcry of niaa ; A 
llirombuB with veasela blended vritli the innermost lajec uf lliu inliiiia; 6, 
lamella of the tunica tntima; c, tunica muscularis traversed by a number of 
connective tissue and clastic fibres ; </, tunica advcntltia. Mugiilfied 300. 
Arter Biadfleisch. 

disappears gradually, or rather is reduced to a minimum, a state 
it shares with many other new formations, the results of in- 
ilammation. 
There are spedal reasons which Induce me to investigate a little 
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more thoroaghly the oi^anizitton of thrombua. The importance of 
this process is very extensive, and one which jou can hardly appre^ 
eiate at present; but later on, when wo come to consider diseases of 
Tessels, and new growths generally, you will then be better able to 
appreciate it fully, 

I do not think as the result of my investigations up to tlie 
present lime, that I am in a position to withdraw the statemcDt, 
tliat coagulated fihrine -mtiy be converted into an intercellular 

fiG- 35- 




LaogitudiQnl section of Uie ligatured extremit; of the femonl artcr? of a 
dog fifty da;$,&rieT the operation. Thrombus injected ; a a. tunicn intitna tnd 
media; 4£, ttmicaadTentitia. MngniGed 40. Alter 0. Weber. 

connective tissue by the aid of cells, althougli I must needs leave 
it undecided, wliethei it be llie result of a tnie metamor^iliosis, or of 
a gradual substitution of nucleated protoplasm for the simnkinj 
fibrine. The attempt has often been made to attribute the origin 
of tlte constantly incteasing number of cells in the tbiombosto 





Portion of t«nsiiErBe aection of the femoral vein of man, witli au organised 

Tucol&r tliroDibna, eigbtem dajs after ampatstioQ of the tliigh ; u u. tunica 

bb, media; re, adventitial ild, surrounding connectiTe tissue; TA, 

thrombus with vessels ; tlic lijers of Gbrine in the peripheral portions 

the thnmbua are itill distinctly appreciable. MaguiCed too. 

accepted thia view in his most recent work. I must admit, that 
ll foimerijf 1 wns much opposed to the acceptance of this doctrine, 

^^^^bat' the'blaod could organize out of itself connective tissue with 
^^^^Hwd- vessels ; but now, as the result of the study of transverse sec- 
^^^Bona of thrombosed arteries ] am inclined to accept the view. 
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. '. - ' f ^r.y. :.A. " r. r, rr. r/;- . o:i zz':i: i.i*: r.-: ^e i ^c cl: . izd becc me 
//,'. f rv/-: ..'.t/, *.;>"^-.ft. But wietcnr ■rizii'irJLr ceL? can pesc- 
*f *</ 'r,^ *f^^r.;i. t*...^ i* c:wi> aa the wjlj of veizs must for a 
h.:/,r rf<(,A\r, f,r,c>f,\(\fA, for EuhnoiTa experlniircts onlv neLite to 
fff.f.',4 fr,r',fr.vi. Some of mv investisationa on this subj-^ct have 
f^it.nf.f'fl r(,f. tr.kt. fine ^anules of cinnabar do pass through the 
^,»n^ 'ff t.K/ /^Afotirl art^T} ^for inatanc*:} of a dog, into the thrombus, 
>,f#» f h.1/' /,ot b^/:rj ahlf: to convincc mvself that these saanules 
-ntft t',u/*'j*'\ K^ th'^ wanrhrring cells. For the present therefore 
if rMn^iin-r unrl/zirlrri whrrf; the numerous wandering cells in an 
ii9\»nu\nu[f Ifloori-r.lot, originate, and how thev arrive there. 
'|.'/)Miii«of). in ;i r<rf:nily publi.shnrl work, has drawn attention to 
Mm fM«l ili.il M h\ry*' proportion of the larger thrombi disintegrate, 
wliif h iM '|iiiti- Iriif ; lif. however goes too far in denying the provi- 
uiiiMiil oi(/tiiii/iilif»h of llie tlirombu.*<, and in attributing directly to the 
ilMHili'ifriitioii III' Mie eoiiguliiiii the adhesion of the walls of the 
Vf>Mi>l, n if-Hiill whielii nn the termination of the whole process, I 
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e all the wHle Kad in view. Some recent investigations on the 
nation of vessels by Arnold, ns also some observations on tubercle 

Irbich we shall hereafter refer, furnish us with new material ia 

hwi't of the view, that the wall of the vessel itself and its lining 
Bothelium are chieSy concerned in this tissue formation ; and in a 
still more recent work, Riedel has almost conclusively shown that 
the greater part of the young tissue which is formed in the thrombus, 
proceeds from the endothelium. Thus the views on thia point have 
vacillated for years past. 

As already remarked, peculiarly favorable conditions of nutrition 
are necessary for the blood-clot to become organized. It is an 
absolute law in the human organism, that non-vascular tissues, 
which are nourished by cell-product alone, have no great extent ; 
look at the articular cartilages, the cornea, the tunica intima of the 
vessels, all these tissues consist of thiu layers : in other words, 
the cells of the human body, unlike vegetable cells, are unable to 
rarrj the nutritive fluids to an unlimited distance ; they can convey 
them only in a limited manner, and at ce.rtain distances new vessels 
must be formed in order to convey and carry off these fluids. A 
blood-clot consisting of cells and coagulated lihrine, is at first a non- 
vascular cell- structure, which can only maintain its existence when 
in thin layers. This will he gathered from observations to which 
we shidl frequently have occasion to refer ; namely, that large clots 
either are not organised at all, or oidy organised in their peripheral 
layers, while the central parts disintegrate. It is manifest there- 
fore that in healing by the first intention a thin layer of blood 
between the edges of the wound does no harm, but that a larger 
quantity of blood interferes with healing, and possibly prevents it 
altogether, a fact which you can often enough verify in the wards. 

The doctrine of the formation and organization of thrombus has 
seriously occupied surgeons and anatomists since John Hunter, and 
even now is not by any means to be regarded as settled. We have 
had to discuss this doctrine here, if only on account of its genera) 
histiogenctic interest, though in recent times it has become very 
doubtful, whether it has such an important bearing on the results of 
hgature, as has hitherto been ascribed to it. Porta some time 
ago pointed out that the early closing up and healing of the tissue 
surrounding an artery were as important as the organiiiation of the 
thrombus itself. Surgeons too have always kept this point in view, i 

and have insisted un the necessity of trying to secure heahug by the J 
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first intention hj a careful operation and by carefol after treatment. 
It has now become quite evident tbrongb tbe extensive practical 
results of acupresanre, that the infiltration of the tissues b; the 
coagulation of o^anizabie lymph even ailer forty-eight hours 
suffices to hold the compressed or twisted ends of the arteries quite 
firmly, even such arteries as the femoral; though Kocher basshowD 
that the thrombus in an artery after acupressure is not absent, yet 
it is often so small that it conld not possibly withstand the force of 
the blood current in a large artery forty>eight hours after closure. 

Let us now turn our attention to the condition of the circulation 
after ligature of one oftbela^er arteries in its continuity. Suppose, 
on account of hsmorrhage in the leg, that we have had to tie the 
femoral artery ; how does arterial blood get into this leg 7 how will 
the circulation be re-established? In the same way as after 
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Fio. 38. 



7ia. 37.— Carotid artery of a rabbit iojected six weeksaftei ligature. After 
Ports. 

Fig. 38.— Carotid atter; of a goat injected thirty-five mouths after ligature. 
After Porta. 

closure of certain capillary districts, the blood, in consequence of 
increased pressure, presses through the nearest open veraels, and 
these in consequence dilate j and so too after closure of the 
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smaller and medium sized arteries. The blood, uoder increased 
piGssare, streama through the branches next above the thrombus, 
and thanks to tbe free anastomosis both in the long and transverse 
axes of the limb, it thus reaches other arteries, through which it 
qnicklj arrives at the peripheral extremity of the ligatured vessel. 
An arterial collateral circulation is, in fact, established through the 
branches of the ligatured artery. Without such an 



Fio. 39. 
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the part of the body below this point would not receive any more 
blood and would die ; it would either dry up or slough. The arterial 
anastomoses are fortunately so plentiful, that even after ligature of 
lai^G trunks, such aa the axillary or femoral, this condition seldom 
happens ; with diseased arteries, nevertheless, which do not readily 
dilate, gangrene of the corresponding limb may occur after ligature 
of the main vesaeb. The way in which these new arterial anaato- 
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moses form varies greatly. Years ago Porta instituted some very 
important investigations on this pointy and as the results of his 
numerous experiments gave the following as the chief types of 
coUateral circulation : 

(i). Direct collateral circulation^ that is^ some well-developed 
vessels spring up which convey the blood directly from the central 
to the peripheral extremity of the artery. 

These connecting vessels are^ for the most part^ dilated vasa 
vasorum and the vessels of the thrombus; it might even happen 
that one of these connecting vessels might so dilate as to appear 
like the main trunk regenerated. 

(i). Indirect collateral circulation^ that is, the anastomoses between 
the next largest branches of the main vessel become much developed^ 
as in the case from which this drawing was taken (fig. 39) . 

The most typical examples of these two varieties of collateral circu- 
lation have of course been chosen ; for if you examine the numerous 
drawings in Porta's book^ or if you repeat an experiment for your- 
selves, you will find that these two varieties are generally combined ; 
the division possesses, therefore, no other worth than that of con- 
venience. It is an excellent anatomical exercise to picture to your- 
selves how, after ligature of the different arterial trunks of one or 
other of the extremities of the trunk, the blood arrives at the parts 
beyond the ligature ; you will find the plates of arterial anastomosis 
in Krause's 'Handbook of Anatomy' of great service to you. 
These anatomical relations are also thoroughly exhausted in Ck)nrad 
Martin Langenbeck's work on ' Surgery ' in the chapter on aneu- 
rism. The reversed blood current, which not un&equently takes 
place in these collateral circulations, occurs with marvellous rapidity 
if the anastomoses are free ; thus, if the common carotid artery in 
a man be ligatured and the artery be divided peripherally, the blood 
will stream out of the peripheral extremity with immense force, that 
is backwards, as if from a vein. In all such cases, when an anas- 
tomosis of an artery which has to be ligatured is free, we must apply 
a ligature both to the central and to the peripheral end if a portion 
of the artery has to be cut out, or otherwise we shall certainly 
get hemorrhage. This is an important rule, and one which is often 
neglected in practice. 



LECTURE X. 
CHAPTEE II. 

ON SOME PECULIARITIES OF PUNCTURED WOUNDS. 

Punctured wounds, as a rule, heal quickly per priman. Needle 
pricks ; needles remaining in the body, their extraction. Punc- 
tured wounds of nerves. Punctured wounds of arteries. Aneu- 
rism, traumatic, varicose, aneurismal varix. Punctured wounds 
of veins. Bleeding. 

Most punctured wounds are simple wounds, and heal, as a rule, 
by the first intention ; many of them are at the same time incised 
wounds if the instrument have a certain breadth ; many resemble 
contused wounds if the instrument with which they are inflicted is 
blunt, in \rhich case there is more or less suppuration. We con- 
stantly make punctured wounds with our surgical instruments, as 
with acupuncture needles, fine long needles which we occasionally 
use for the purpose of examining whether, and how deeply the bone is 
involved beneath a tumour or an ulcer ; also with acupressure needles, 
which we employ for the purpose of arresting haemorrhage ; with 
the trocar also, a three-edged sharp dagger, which is surrounded 
with a closely fitting canula ; we use this instrument for the purpose 
of drawing off fluids from various cavities. Dagger, sword, knife, 
and bayonet wounds are often to be regarded both as punctured 
and incised wounds, or punctured and contused wounds. If these 
wounds are uncomplicated with injury of the larger arteries or veins, 
or with injury to the bones, or if they do not penetrate into any 
of the great cavities, they seldom require any special treatment. 

The commonest punctured wounds are those made by needles ; 
they occur for the most part in women, and how seldom is a doctor 
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required ! Such an injury only becomes complicated when the 
needle or a broken-oflf portion of it penetrates deeply into the soft 
parts, and cannot be readily extracted. This may happen in dif- 
ferent parts of the body, as when a person accidentally sits down on 
a needle, or falls on one, or in some other accidental way. If a 
needle has penetrated deeply under the skin the symptoms are 
usually so slight that the patients seldom experience any pain from 
it, in fact, are often quite unable to tell whether the needle has really 
entered, or to say where it is situated. These bodies seldom pro- 
duce any external evidence of inflammation in the soft parts, but 
many remain in the body for months, years, or even throughout the 
whole life without giving rise to any unpleasant consequences, 
provided they do not enter a nerve trunk. A needle seldom 
remains stationary at the spot where it enters, but wanders about, 
that is, it is driven about to other parts of the body by muscular 
contraction; it may thus travel for some distance through the 
body, and turn up again in quite another region. Examples of 
this have been observed where hysterical women, for the purpose of 
attracting the attention of medical men, have intentionally thrust 
needles in large numbers into difierent parts of the body ; these 
needles made their appearance first in one place, then in another. 
Even needles that have been swallowed may pass without danger 
through the walls of the stomach or intestines, and come to light 
at any part of the abdominal wall. fi. v. Lagenbeck once found 
a pin in the centre of a vesical calculus ; on close inquiry, it was 
discovered that the patient had swallowed it when a child. The pin 
must have passed through the intestine into the bladder, where the 
triple phosphates were deposited on it in layers, and so gave rise to 
the calculus. Dittel has observed a similar case. 

If needles have remained in the soft parts for a considerable time 
without giving rise to pain, or if needles, which are wandering from 
within outwards, come to the surface and close beneath the skin, 
they often give rise to a little suppuration, and the sensation of 
pricking becomes more definite ; you must then make au incision 
into the painful place ; a little thin pus will be found in the abscess 
cavity, together with the needle, which may easily be extracted 
with the forceps. Why these bodies, which for months may be 
driven about in different parts of the body should give rise to sup- 
puration, when they at length arrive beneath the skin, is quite 
incomprehensible. You must, however, for the present be satisfied 
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with the fact that it is so. The following interesting case may help 
to make the course of such an injury a little more intelligible. An 
idiotic deaf and dumb female^ about thirty years of age^ was brought 
into the Zurich Hospital with the diagnosis ^' typhoid/' We 
could obtain nothing further of the history either from the woman 
herself, nor from her friends, who themselves were not over bright. 
The patient, who would often remain in bed for days together, 
had complained for some days past of pain, which she referred to the 
right ileo-coecal region; she was rather feverish too. On examina- 
tion, a swelling was found at this spot, which increased in size 
during the next few days; it was painful on pressure; the skin 
became red and fluctuation distinctly evident. It was easy to 
recognize that this wa& not a case of typhoid, but you may imagine 
what a variety of diagnoses was made as to the seat of the suppura* 
tion, for an abscess quickly formed ; it might have been an inflamma- 
tion of the ovary, a perforation of the vermiform appendix or an 
abscess in the abdominal wall, &c., though there was something to 
say against each one of these views. In the course of a few days 
the inflamed skin became very thin; the abscess concentrated 
itself close to the anterior superior spine of the ilium, one finger's 
breadth above Foupart's ligament. I now made an incision into 
the skin, and let out a quantity of fsecal-smeUing, brown coloured, 
decomposing pus ; while examining the abscess cavity with the 
finger, I perceived deep down in it, a hard, rodlike, solid body, 
which, however, was but slightly prominent. I commenced to 
extract it with a pair of forceps, and pulled and pulled until I had 
extracted a medium-sized knitting needle, almost a foot long ; it 
was somewhat rusty and seemed to point towards the pelvis. The 
abscess cavity was covered with granulations ; I endeavoured to find 
the sinus which the needle must undoubtedly have left behind, but 
failed to do so ; it must have closed almost immediately, and wa» 
lost in the granulations. 

The abscess required a long time to heal ; it did, however, finally 
close without any ill results, and the patient was discharged in 
about a month. When I showed the unfortunate cretin the needle 
she only laughed in her idiotic repulsive manner. This was all we 
could learn about it; it may possibly have stirred up some faint 
recollection of the needle in her mind. 

It is most probable that the patient had inserted the needle either 
into the vagina or rectum, a kind of procedure to which, unfor« 
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•tunately, women, who are not idiots, are incredibly prone, as you 
may read in Dieffenbach's 'Operative Surgery* in the chapter on 
the extraction of foreign bodies. It is not impossible that the 
needle in this case passed up near the portio vaginalis uteri into the 
caecum, and from the fact that the pus contained air, we may fairly 
argue that there had been a communication, if even only a tem- 
porary one, with the gut. This cannot be regarded as at all sure, 
seeing that pus, when in proximity with the intestines may decom- 
pose and give rise to stinking gases, even when there is no com- 
munication with the intestine past or present. 

The extraction of recently penetrated needles may often be very 
difficult, as patients are not seldom quite uncertain as to their 
position, and often, from shame, will not .acknowledge how the 
needles got in (into the bladder for instance). Before an incision is 
made into the skin, the spot at which the foreign body is believed 
to be felt, must be fixed with the left hand ; this is absolutely neces- 
sary, lest the needle should change its position during the incision. 
Occasionally the foreign body may be felt more or less distinctly, and 
pressure on it causes sharp pain : such and simUar manipulation 
must guide us in our incisions. After the skin has been incised, we 
roust endeavour to seize the needle with a good pair of dissecting 
forceps: tense bands of fascia, especially about the fingers, may 
easily deceive us, for with forceps our sense of touch is always 
uncertain. If the needle cannot be found, we may let the parts be 
moved about somewhat; this may get the needle into a position 
in which it will be easier to seize hold of. The extraction of 
foreign bodies, which is very much facilitated by the use of 
Esmarch's bandage, requires a certain amount of practice and of 
manual dexterity, which is only acquired with time: an innate 
«iechanical talent is extremely valuable in this matter. Besides 
needles, fine pieces of glass occasionally heal up in a wound. A 
short time ago I extracted a blackthorn, seven lines in length, which 
•had lain for eleven years immediately beneath the skin of the leg 
without causing any marked pain. 

Punctured wounds, made with instruments which are not very 
sharp, are occasionally interrupted in this process of healing : the 
external wound heals by the first intention, but after a few days 
inflammation and suppuration set in in the deeper parts, and the 
wound either opens again and the whole tract suppurates, or the 
pus breaks out at some other point. This subsequent conversion of 
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Bple poncture into a deep wound is especially apt to occur if a 
r instance, the point of a knife, remains behind, 
or when the injury is inflicted with a binnt instrument. You must 
always bear in mind the possibility of such foreign bodies being left 
behind, when jou examine these wounds; endeavour, if possible, to 
see the instrument with which the wound wns caused; inquire 
particularly too as to the direction which the instrument took, in 
order that you may the better know what parts have been injured. 
Often in unfavorable cases there is remarkably little inflammation or 
suppuration of ihe track of the wound. Thus a short time ago, a 
mail presenteil himself at the Clinic, who t!ie day before had fallen 
on to his arm from only a moderate height from a tree while 
eDg8ge<i in lopping off the smaller branches. The left arm for some 
inches below the elbow was swollen on its dorsal surface ; on its 
inner surface, just above the wrist, a smaii excoriation was visible ; 
the arm could be flexed and extended without pain, but pronation 
and supination were interfered with and painful. There was no 
fracture of the hones of the forearm; the bones were certainly not 
broken completely, but at the seat of the swelling on tho dorsal 
sorface of the limb, two centimetres {a little less than one inch) 
below the elbow, I could distinctly feel, immediately beneath the 
skin, a solid body, which could be depressed, but which immediately 
sprang up again into its former place. It gave one the impression 
that a piece of hone had been partially detached and lay close below 
the skill. However incomprehensible it might seem, that such a 
piece of bone could be detached without a solution of continuity of 
either radius or ulna from a simple fall on to the ground, I never- 
theless ordered the patient to be chloroformed, and renewed the 
attempt to reduce the projecting portion of bone. I did not how- 
ever succeed. As it lay so close to the surface, and must infallibly 
have come through the skin within a very short time, I cut down on 
to it, in order to extract it. To the astonishment of us alt, I drew 
out, not a fragment of bone, hut a small twig of the tree, five 
inches long, which had been very firmly held betweea the two hones 
of the (brearin. It was at first diflicult to explain how this bit of a 
branch had got into the arm, though on a closer examination of the 
before -mentioned excoriation on the inner surface of the arm, it was 
, to be an incised wound, which had almost closed. The 
a body must have penetrated so quickly that the patient did 
kercdve it. After the extraction the swelling entirely disap- 
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peared^ there was bat little discharge from the woond^ and in eight 
days it was completely healed. 

These favorable results as regards the healing of punctured wounds 
have led to what we now call subcutaneous operations ; they were 
first introduced into surgery by Stromeyer and Dieffenbach^ and 
consist in introducing a narrow pointed knife under the skin^ and 
dividing, for di£Perent purposes^ tendons, muscles, or nerves, with- 
out making any further wound than the simple puncture, through 
which the tenotome (tendon*knife) is introduced. The healing process 
under these circumstances is rapid and almost always takes place by 
the first intention, while with the open treatment there is nearly 
always suppuration and not seldom extensive necrosis of the tendon 
beside. We shall have to speak further of this matter in the chapter 
on deformities (see Chap. XYIII) . It was formerly said that the 
absence of the irritating influences of the external atmosphere 
iEiccounted for this rapid healing of such subcutaneous wounds. 

After the correctness of this argument had been extensively 
questioned, it was next said that healing took place promptly 
l)ecause no cocco-bacteria germs could get into such wounds. This 
view too has found little acceptance. For the present, then, let us 
be satisfied with the bare fact. 

If the puncture has penetrated one of the large cavities of the 
body and caused injury here, the prognosis must always be doubt- 
ful, and must be given guardedly, according to the physiological 
importance, and the greater or less liability to dangerous inflam- 
mation of the afiected organs. As a rule, a punctured wound of 
this kind is not as dangerous as a gunshot wound. We will not 
farther pursue this subject, but will pass on to consider punctured 
wounds of the nerves and vessels of the extremities. 

Punctured wounds of nerves produce paralysis of variable extent, 
according to the extent of the wound. B^neration natui^ally 
occurs more readily when the whole width of the nerve has not been 
divided. A totally different effect however is produced when a 
foreign body, such as the point of a needle, or a small bit of glaas^ 
is left behind in a nerve trunk, where, as in other tissues, it may 
heal in. The nerve cicatrix which holds this foreign body n^y 
remain exceedingly painful on the least touch, not unfrequently there 
are severe pains running excentrically ; neuralgia may be set up ; nay 
more, the most severe forms of nervous disease, both acute and 
chronic, may be developed. Epileptiform aeizares with an lura. 
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V4lut is, 11 preliiniiiary ]>i»a in l.lie scnr which ushers in Che attack, 
ive beeu observed as the result of fuch mjaries. Some surgeons 
L^elicve also, thai tetanus mny be produceil by such neire irritation, 
but this appears to rae to be very doubtful : of this anon. Ilie 
i«ttraclion of the foreign body generally suffices to cure the first 
|iyftriet7, which is classed as a retlex epilepsy. Pmicturcd wounds of 
!arf[er arterial trunks or uf their larger branches may bring 
it various reaults. A very small puncture closes almost imme- 
I'^tely throngh the elasticity and contractility of the arterial coats : 
there is not always even bleeding, any more than there is always an 
iWcape of fipces from a mijiute puncture of the intestine. If the 
iround be slit-like, the bleeding would probably be insignificant, pro- 
Tided the wound do not gape very much. In other cases, however, 
Hfere hiemorrhage is the immediate result. If compression be at 
!e applied and a suitable bandage carefully put on, one generally 
Succeeds, not only in arresting the hismorrhage, but also in getting 
wound of the artery as well as that of the soft parts to £rmly 
close. K the bleeding cannot be arrested, as already pointed out, 
we must immediately proceed to ligature the artery either by 
enlarging the wound above and below the seat of injury, or at some 
liigher place in its continuity. The closure of an arterial wound 
takes place in the foltoiving manner : — A blood-clot forms in the 
lore or less gaping wound of the arterial wall ; this clot projects 
" tlj into the lumen of the vessel, but externally it is larger, 
covers the vessel somewhat like a mushroom. This clot 
:omes organized into connective tissue, in the same way as was 
described in intra-vascular thrombus, and so a permanent organic 
closure of the opening takes place without any narrowing of the 
lumen. This normal course of things may be complicated by the 
little plug which projects into the interior of the artery, giving rise 
to a deposit of iibrine from the circulating blood, and in this way to 
closure of the artery by clot-formation — arterial tlirombosis in fact — 
but this is very rare. If it should take place, the same result 
would happen aa after ligature ; there would be development of 
collaterai circulation, and eventually obliteration of the vessel by 
organization of the entire thrombus. 

Punctured wounds of arteries do not always follow such a 
favorable course. In many cases a swelling is remarked shortly 
after the accident nt the seat of injury, which gradually increases iti 
size, and which is both seen and felt to pulsate aynchronously with 
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the heart's systole. If we place a stethoscope over the swelling, . 
we hear a distinct blowing and whirring sound. If we compress the 
main artery of the limb above the tumour, the pulsation and 
whirring sound immediately cease and the tumour decreases some- 

Fig. 40. 




Artery wounded at its side, with clot ; 4 days after the injury. After Porta. 

what in size. We call such a tumour an aneurism {dvivpvvto — ^ta 
dilate), and this particular form, the result of accident, a false aneu- 
rism, in contradistinction to a true aneurism, which arises sponta- 
neously as the result of various kinds of arterial disease. 

How does this swelling form and what is it ? Its origin is as 
follows : the external wound is closed by pressure, so that blood caa 
no longer escape by it; but it nevertheless escapes from the artery, 
which is not yet firmly closed by the clot, into the soft parts around^ 
and continues to burrow among these so long as the blood pressure 
is stronger than the resistance which the tissues oppose to its- 
spread. In this way, a cavity filled with blood is formed in direct 
communication with the artery. Some inflammation is set up in 
the tissues around the blood, which coagulates in part ; this 
plastic infiltration leads on to the formation of connective tissue, 
which forms a sac, into the interior of which the blood streams m 
and out, while the peripheral portions become filled with layers 
of coagulated blood-clot. The bruits which we hear in them are 
produced partly by the flow of the blood through the narrow open- 
ing, partly by its friction against the blood-clots, and partly by its^ 
regurgitation back again into the artery. 

Such a traumatic aneurism may occur secondarily, that is, the 
arterial wound may heal at first, but on removal of the bandage the 
young cicatrix may give way and the blood will then stream out. 

It is not always from punctured wounds that traumatic aneurisms 
arise. They may be caused by rupture of the arterial coats either 
by traction or bruising without any external wound. A. Cooper 
relates the following interesting case in his ' Lectures on Surgery :' 
A gentleman when out shooting was jumping over a ditch, and 
while doing so experienced a severe pain in the ham, which at once 
prevented his walking. An aneurism quickly formed in the popli* 
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wl space which had to be operated oa. The artery was partially 

irn in the act of jumping. It suffices for tiie produclioii of an 

rism that the tunica iatima aiid mascularis be tarn through. 

r the tunica adventitia remain uninjured the blood-stream may 

rate it from the tunica media, and in this way what we call a 

cting anenrism is the result. Cases of punctured wounds with 




Tiaiunatic nDPurism of tlic bcncliial arterj. After Froriep, Surgical 
plates, w>l. iv. pi. 483, 

mhflequent aneurism occur especially in military practice, but not 
mfrequently also in civil practice, I recently saw a boy with an 
DieaHem of the femorni artery ns large as a hen's egg ; it was 
itunted at about tlie middle oi' the thigh, and had resulted from a 
round with a penknife 011 to whicli the boy had fallen. I operated 
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the other day on an 



of the radial arter; which had devc- 



a shoemaker a 

An aneurism is a tumour which communicates either directly oc 
indirectly with the orifice of an artery. Such is the usual definition. 
The communication is direct iii the case just descrihed of sim[ile 
traumatic aneurism. But, nevertheless, the anatomical conditions 
of this tumour may be much more complicated. 

For instance) in venesection at the bend of the arm (that is, 
intentionally opening a vein in order to abstract blood), the 
brachial artery may be wounded. This is one of the most frequeiit 
causes of traumatic aneurism, or rather used to be when bleeding 
was more commou, la such a case, besides dark venous blood, 
a bright red stream would be immediately recognised ; the whole 
arm should be bound up and the artery compressed. In most cases 
both openings will heal up without any evil consequences. But it 
occasionally happens that an aneurism subsequently forms. This 
may be of the simple form just described, ot the openings of the 
two vessels may so grow together that the arterial blood llowa 
directly into the vein as into an arterial branch, and it theu meets 
the stream of the venous blood. 




; a, brachial artery. After Bell. Froriep's lut^cal 
plates, vol. iii, pi. 163. 

This causes obstruction to the venous curreut, and gives rise to 
sacculations and to dilatations of the veins which we generally lenn 
varices; in this especial instance the varix is spoken of as aneuris* 
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, because, like an aaeuriam, it communicates with an arlerj. 
jiotlier condition may also occur, namely, the formation of aa 
tneoriam between the artery and the vein, tliat is, both artery and 
bMin communicattrii; with the aneuriamal san. 



Variooae uieoruin ; a, brnchkl artcr; ; b, median vein. Tbe aneuriamal aac 
is alit open. After Doisej. Froriep'a surgical plates, vol. iU, pi. 263. 



We call this condition varicose aneurism. There may be 
imerous varieties in the relations of the aneuriamal sac and of the > 
vein and artery to each other, but these are only interesting as 
curiosities ; they neither alter the symptoms nor the treatment, 
and fortunately have no special names given to them. In most 
cases, in which arterial blood flows directly or indirectly through an 
soeuriamal sac into veins, a dilatation takes place, and a thrill may 
both be felt and heard in them and which is occasionally perceptible 
tiso ill the arteries. It is probably caused by the meeting of the 
two currents. The thrill, however, is not charactcHstic of varicose 
ueurism, since this condition can be produced simply by pressure 
on the veins ; it is present too in many forms of heart disease. But 
if in addition to the thrill a slight pulsation can be felt in veins 
distended by the above cause, then we shall be more likely to arrive 
at a correct diagnosis. 

Some httle time back I had the opportunity of seeing several 
aneurisms which were the results of gunshot wounds ; in three 
cases which affected the femoral artery and the external iliac the 
thrill was so strongly marked that injury to the artery and also to 
tbe vein, with communication between tbe two, was necessarily 
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diagnosed; in one case the post-mortem examination proved this 
to be correct. In none of these cases were there any varices ; hence 
we must assume either that they are not necessarily formed as the 
result of a communication between artery and vein^ or that they 
only result in the course of years. 

Aneurisms of arteries^ if they remain small^ scarcely ever produce 
any great inconvenience. In the generality of cases^ however, the 
aneurismal sacs become larger and larger; disturbances in the 
functions of the affected limb come on, and, finally, the aneurism 
may burst and lead to fatal hsemorrhage. Treatment must consist, 
in the majority of cases, of ligature of the arterial trunk, but of 
this later on. I have considered it desirable to explain to you in this 
place the development of traumatic aneurisms because they generally 
eccur in practice as the result of punctured wounds ; in surgical 
handbooks they are usually treated of under diseases of the arteries. 
Of spontaneous aneurisms and their treatment we shall speak in a 
separate chapter. 

Punctured wounds of veins heal exactly like those of arteries, 
so that I need not add anything to what has already been said. 
Perhaps I may just remark that extensive clots form far more readily 
in veins than in arteries ; thus, traumatic venous thrombosis is far 
more common after venesection than arterial thrombosis is after 
punctured wounds of the arterial walls, and what is far worse, the 
first form of thrombosis entails much more serious results than the 
latter. Of this you will hear more at a future time, perhaps more 
than you care for. We have abready referred to venesection, a little 
surgical operation which was frequent enough formerly. We will 
briefly describe the method of performing the operation, although 
you will more quickly and more thoroughly understand it by once 
seeing it done than by any description I can give you of it. If I 
were to try and tell you under what circumstances venesection ought 
to be practised^ I should have to enter very deeply into the science 
of medicine ; a large book might be written on the subject of the 
indications, the contra-indications, the admissibility, the utility, and 
the evils of venesection. I prefer, therefore, to pass over this 
subject in silence, as over other things which you may learn from 
daily observation in the clinics in a few minutes ; whereas without 
some special case for demonstration several hours would be required 
for its explanation. I will only just refer to the historical fact, 
that whereas in olden times venesection took place from any of the 
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intaaeoQS veins, now-a-dayB t!ie operation is almost alwajs done 
tbe bend of the elbow. When you wish to bleed, first apply a 
bandage to the arm sufficiently tight to cause obstruction in the 
peripheral veins ; for this purpose a well-adjusted pocket haudker- 
answers very nell, or the scarlet bleeding bandage furnished 
a buckle may be used. 

tills bandage has been properly applied the veins of the arm 
in to swell, and at the bend of tbe nrm, the cephalic and basihc, 
and their corresponding median veins present themselves. You 
open whichever vein is most promtnent. The arm is flexed to an 
obtuse angle, you fis the vein with the thumb of the left hand, then 
with a lancet or with a fine-pointed straight scalpel in the right 
hand, you plunge into the vein and make an incision about half a 
centimetre long (quarter of an inch). The blood streams out ; you 
allow as much as is necessary to flow, and then occlude the wouimI 
with your thumb ; next remove the bandage from the arm, and the 
bleeding will cease almost spontaneously ; the wound must now he 
closed with pad and bandage, and the arm kept at rest for three oc four 
days ; by this time the wound will have healed. Easy as this opera- 
tion is in the generality of cases, it, nevertheless, requires practice. 
Puncture with tbe lancet or scalpel is to be preferred to the phle- 
botome ; this latter iustiumcut was much used formerly, but is now 
very justly going out of use ; the phlebotome is a fleam which ig 
plunged into the vein by means of a spring ; the instrument, in fact, 
is allowed to operate instead of being safely guided by the hand. 

There are many mechanical obstacles which may interfere with 
venesection. In very fat people it is often difficult either to see or 
to feel the vems through the skin. We then make use of other 
means besides compression, for we order the forearm to be put into 
warm water ; this causes a stronger afflux of blood to the part. 
The fat, even after opening the vein, may prevent the flow of blood 
fay its little lobules covering over the opening. In such a case you 
must cjuickly cut them off with a pair of scissors. Occasionally c 
mechanical hindrance to the flow of blood is produced by the a 
asauming a different position either through flexion or exteaaioa 
after the puncture, so that the opening into the vein no longer 
corresponds with that in the skin ; this may be remedied by again 
altering the position of the arm. There are other causes also which 
interfere with the flow of blood ; for instance, the opening may be . 
too small, a frequent occurrence with beginners, or the compressiaB j 
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is too weak ; this is to be remedied by tightening the bandage, 
or^ on the contrary, the bandage may be too tight and the artery 
compressed so that little or no blood can get into the arm ; this of 
course is to be remedied by loosening the bandage. A way of 
helping the flow is to cause the patient to open and shut the hand 
rhythmically, so that the blood may be forced on by the muscular 
contractions. 



LECTURE XL 
CHAPTER m. 

ON SIMPLE CONTUSIONS OF THE SOFT PARTS. 

Cawes of contusions. — Nervous shod, — Subcutaneous rupture of 
vessels. — Rupture of arteries, — Ecchymosis, — Absorption. — 
Termination in fibrinous swellings^ in cysts, in suppuration, in 
sloughing. — Treatment. 

The skin may or may not be broken by the striking of a blunt 
body on the soft parts : thus we distinguish between contusions 
with and contusions without skin wounds. We will first consider 
these latter. 

Contusions are caused either by the falling of heavy objects on to 
the body, or by their striking severely against it, or by the body 
falling or striking against hard solid substances. The immediate 
consequence of such a bruise is a crushing of the soft parts, which 
may be of the most variable degree of severity ; in some cases we can 
hardly appreciate any change at all, in others the parts are bruised 
to a pulp. 

Whether the skin suffers a solution of continuity from such 
a blow depends on various circumstances, e.g. the form of the 
object which inflicts the blow, the force with which it strikes, 
and the nature of the parts below the skin. For instance, the 
same force which would produce contusion of the muscles of the 
thigh without iujuring the skin would cause a wound of the latter if 
applied over the crest of the tibia, because the sharp edge of the 
tibia would itself almost cut through the skin. The elasticity 
and the thickness of the skin have also to be taken into con- 
sideration; not only do they vary in different persons, but also in 
different parts of the same body ; so that in a simple contusion we 
cannot directly recognise the amount of injury but only indirectly. 
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and this from the state of the nerves and vessels^ and from the sub- 
sequent course of the case. 

The first symptom of contusion of nerves is pain^ as it is in 
wounds^ but then the pain is duller and more indefinite^ although it 
may be very severe. In many cases^ especially after striking 
against a hard body^ the patient feels a peculiar tingling^ numbing 
sensation in the affected part ; this feelings which extends consi- 
derably beyond the seat of injury, is produced by the shock which 
the nerve substance has suffered. For instance^ if we strike the 
hand or a finger rather severely^ only a small portion is actually 
contused^ and yet not unfrequently there is concussion of the nerves 
of the whole hand^ with severe dull pain and tingling^ on account of 
which the fingers cannot at first be moved : there is also almost 
complete loss of sensation. This condition quickly passes off — 
generally in a few seconds, and then we experience a peculiar burn- 
ing pain in the contused part. We have no other explanation of 
this temporary condition except that the substance of the nerves, 
most probably the axis cylinder, undergoes some molecular change 
as the result of the concussion, which again spontaneously passes 
off. These symptoms of shock do not by any means accompany all 
cases of contusion ; they are absent in most cases where a heavy 
body strikes a limb at rest. In contusions of the head, however, 
they are not unfrequently of great moment, for in these cases we 
have not only commotio cerebri, we get also conltmo cerebri ; or we 
may have simply the former, as the result, for instance, of a fall on 
to the feet, or on to the seat, whence the shock is conveyed to 
the brain, and the severest symptoms, even death may result, 
without any appreciable anatomical changes in this organ being dis- 
covered. Concussion is a process which we prefer to locate in the 
nervous system, and we speak of a cerebral and of a spinal con- 
cussion. Still the peripheral nerves may be shaken with the 
symptoms above given; but since the local injury is the more pro- 
minent, the nervous condition is perhaps too much overlooked. A 
severe concussion of the chest may give rise to the most serious 
symptoms through shock to the heart and lung nerves, whereby the 
circulation and respiration are for a longer or shorter period dis- 
turbed. Nor can we entirely deny the reflex action of a concussed 
nerve, especially of the sympathetic, on the brain. Doubtless some 
of you, when wrestling or boxing, have sometimes received a blow 
on the abdomen : what horrible pain ! For the moment a feeling of 
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itncM comes over you ; this is the effect on brain and heart ; one 

lias to hold one's breath and gather up one's strength in order not 

to fall outright. Concussion of the uhiar nerve frequently occurs 

from a blow on the elbow ; the severe dull paiu, which runs up to 

fingertips even, is known to most of you. Compression of 

•y nerves ia believed to cause contraction of the cerebral vessels, 

recently shown by experiments on rabbits. Possibly this explains 

the faints which follow severe pain. 
All these are symptoms of concussion in the peripheral nerves. 
As we arc not aware of what specially takes place in the nerves, we 
cannot judge whether these changes have any and what intluence on 
the further course of contusions and of contused wounds; we 
cannot then here further consider the nerves. Beliable observations 
seem to show that concussion of peripheral nerves may be followe<l 
by motor and sensory paralysis of the muscles of a part, but on 
account of many complications it is very dilFicuit to prove any con- 
nection between the two. We must distinguish contusions from 
ocussion of nerves. In the former, individual portions of a nerve 
ik or the entire tliickness of a nerve trunk may be destroyed to 
greater or leas extent and degree by the violence applied, so that 
we may even find them softened to a pulp. Under such circum- 
stances a corresponding paralysis results, from which we are able 
indeed to recognise the affected nerve, and the extent of the injury it 
has received. On the whole, sucli contusions of nerves without 
open wounds are rare, because the chief nerve trunks are situ- 
ated deeply between the muscles, and are hence less hable to direct 
ijury. 
It is acknowledged, a priori, that other tissues and organs are 
iiinflnenced by shock just as are the nerves, and that disturbances not 
only of the ordinary functions of a part, but also of the nutritive 
or growing powers, temporary or permanent, may he brought about. 
Snch disturbance of function may have an important influence on 
the further course of the reparative changes after accidents ; many 
surgeons regard this as the chief cause of the severe inflamma- 
tory processes', with their easily decomposing exudations and infil- 
trations, so often met with after injuries. I am far from denying 
the influence of a severe concussion on a bone; for instance, the 
medulla and vessels may be torn, although the bone is not frac- 
id ; the consequences of such an injury under certain circum- 
iiiccs may t>e much more extensive and far-reaching than a mere 
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fracture from overstraining ; nevertheless, we must not attribute the 
sometimes very severe after-effects of contused wounds entirely to 
this cause. 

Contusion of vessels is often sufficiently obvious, and is recog- 
nised by the presence of blood, which, owing to injury of the walls 
of the smaller vessels, especially of the subcutaneous veins, becomes 
extravasated. Subcutaneous haemorrhage is thus an almost constant 
result of contusion. It would be even more considerable than it is 
if the wound of the vessels in this class of injuries were clean cut, 
and remained open ; but generally this is not the case ; contused 
wounds of vessels are rough, uneven, jagged, and these inequalities 
all offer so many hindrances to the escape of the blood ; the friction 
is so great, in fact, that the blood pressure is no longer able to 
overcome it, fibrinous coagula attach themselves to these points, 
spread into the interior of the vessels, and so a mechanical plugging 
of the vessel — a thrombosis — takes place. The contusion of the 
wall of a vessel, through which an alteration in its structure is 
brought about, can alone cause coagulation of the blood ; for Briicke 
has shown that a healthy living intima is an important condition 
for the preservation of the fluid condition of the blood witliin the 
vessels. We shall again refer to this subject under contused wounds. 
The resistance of the soft parts prevents an excessive extravasation 
of blood, because both muscles and skin exercise a natural com- 
pression; thus, it rarely happens that subcutaneous haemorrhages 
in the extremities, even when they proceed from large vessels, are 
immediately dangerous to life. Of course it is quite different with 
haemorrhages into the large cavities of the body; here the emi- 
nently moveable soft parts cannot offer any sufficient impediment to 
the escape of the blood from the vessels ; such haemorrhages are 
thus then not unfrequently fatal; death may result in one of two 
ways, either from the amount of blood poured out, as into the 
thorax or abdomen, and partly from the compression which the 
extravasating blood exercises on the surrounding organs, as on the 
brain, which may not only be destroyed by the quantity of blood, 
but also compressed in various directions and so rendered incapable 
of performing its functions. Haemorrhages into the brain thus 
rapidly cause paralysis, and often also sensorial disturbance ; we call 
these haemorrhages into the brain, and also the train of symptoms 
which they produce apoplexy (from oiro and vXiitraa), to beat away, 
to knock down). 
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f a bl^ nrtery in an extremity be torn, the conditions ate 

! isme aa in a punctured wound which has been iiewn up or 
compressed ; a traumatic aneurism, a pulsating blood-tumour, as 
described in the last lecture, may result. This, in proportion 
to the large number of contusions which daily occur, is a very 
rare accident ; it is to be explained partly by the fact that the 
arterial trunks are deeply seated, and partly because their walls are 
tough and clastic and thus they are very much less often torn than 
the veins. Nevertheless, a short time ago \re had in our wards a 
case of subcutaoeaus rupture of ihe anterior tibial artery, A strong 
heavy man liad broken his leg, hut the skin was uninjured. The 
seat of fracture was about the middle of the tibia, and a. little higher 
up in the fihnia ; a rather large tumour quickly formed at the seat of 
the injury, it pulsated considerably ; this pulsation could be both 
seen and felt on the anterior surface of the leg. A loud murmur 
was distinctly audible in it, and I was able to demonstrate it to my 
class. The Ipg was put up in a splint and bandage, hut we pur- 
posely avoided the application of an immovable dressing, ui order 
that we might the better observe the farther course of the traumatic 
aneurism, which had manifestly formed here. Wc renewed the 
dressing every three or four days, and were able to convince our- 
selves that the tumour gradually became smaller and pulsated less 
and less every day, until, at the end of a fortnight, the pulsation had 
entirely ceased. This aneurism was cured by the compression 
which we made with the bandage. The healing of the fracture loo 
progressed uninterruptedly ; and the patient, at the end of eiglit 
weeks from the accident, had recovered complete use of his limbs. 

Subcutaneous haemorrhages after contusions are most frequently 
due to rupture of the suhcutaucous veins. The exudations produce 
visible symptoms, which vary according to the quantity of the 
ei.tTavasated blood and its distribution in the tissues. 

The more vascular the part, the more severe the contusion, the 
greater is the eitravasation. Extravaaaied blood, when it is 
poured oat slowly, burrows between the layers of connective 
tissue, especially into the subcutaneous tissue, or into the inter- 
muscular planes. In this the tissue becomes infiltrated with blood, 
and swelling results. 1'hese diffuse and subcutaneous htemorrhagcs 

e called sugdiations (fr. suggillatio — extravasation}, or suffusions. 
! looser and more yielding the tissue, the easier is it to tear 
, and hence then the more extensive will be the infiltration if 
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the blood can slowly but continuously escape. Thus we usually 
find extravasations into the eyelids or scrotum of considerable 
extent^ because here the subcutaneous connective tissue is so very 
loose. The thinner the skin the more easily and the more quickly 
do we recognise the infiltrated blood ; it shows through the skin^ 
and penetrates into it^ giving it a bluish colour. But beneath the 
ocular conjunctiva extravasated blood looks quite red^ because 
this membrane is so transparent and thin. Extravasations of blood 
in the cutis itself appear as red spots (purpura) or as 'stripes 
(vibices) ; in this form they are seldom the result of contusion^ but 
are rather caused by spontaneous rupture of vessels. It may be 
that in some persons the vessel walls are peculiarly thin^ as in 
bleeders^ of whom we have already spoken^ or that^ in consequence 
of some unknown chemical changes in the bloody the vessels become 
brittle and liable to tear^ as in scurvy^ in [many forms of typhoid, 
and in purpura hsemorrhagica. Contusions of the cutis may gene- 
rally be recognised by the deep blue-brownish colour^ sometimes 
also by the stripping off of the epidermis, or as it is technically 
called, excoriation. 

If a quantity of blood escapes suddenly from the vessels, and 
is poured out into loose cellular tissue, a more or less circumscribed 
cavity results. This form of effusion of blood is called ecchymosis, 
ecchymoma^ or haematoma, a blood tumour; whether the skin is 
discoloured or not depends on how deep the blood lies beneath it ; 
in deeply seated effusions of blood, diffused as well as circum- 
scribed^ we often get no discoloration of the skin, directly after aa 
accident especially. We can only recognise swelling, the rapid 
development of which, however, immediately after an accident, 
at once suggests its nature ; this swelling feels soft and tense. A 
circumscribed effusion presents the very characteristic feeling of 
undulation — a sense of fluctuation. You can obtain the clearest 
idea of this feeling by filling a bladder full of water and then pal- 
pating its walls. The detection of fluctuation is of great importance 
in surgical practice, for there are numberless cases where it is 
important to distinguish whether a given tumour is solid, or is one 
containing fluid or very soft tissue. How best to undertake this 
examination in undivided cases you will learn in the wards. 

Some of these effusions of blood have received special names 
according to the localities in which they occur. Thus effusions of 
blood, which not unfrequently occur on the scalp of newly-born in- 



smoiTUNEons effusions of blood- 

tSiftre c&lled cephalliteniatomB [horn Kc^oXti, the lica(I,an(l oi^urnnt, 
smear with blood) . The extravasation which forms in the labia 
ra either after contusion, or spontaneously from rupture ofdis- 
d veins, has received the euphonious name of episiohieinatoma or 
siorrhagia (from iirthiov, the external genitals). Effusjans of 
1 into the pleurie and pericardium also have special desig- 
18 — hiematothorax and ha;mato pericardium, &c. Now-a-daja 
e importance is attached to these high-sounding tireck and Latin 
Ines ; it is necessary, nevertheless, that you shoald know them, 
rtly in order that you may nnderstnud them whenever you see 
B terms in your medical books, and partly because it enables us 
iresa ourselves more briefly and more readily, 
; subsequent course and symptoms of these subcutaneous 
uions of blood are very characteristic. Let us first consider 
fuse extravasations ; in such cases, immediately after the accident, 
e quite unable to say bow extensive the htemorrfaage has been 
II is. If you examine a contused part two or three days after 
tlie injury, you will observe that the discoloration is much more 
extensive than on the first day ; even this appears to extend subse- 
quently, that is, it becomes more appreciable. The extent is at 
limes quite incredible. We once had under care a man with 
fracture of the scapula ; at first the discoloration was very slight, 
although a large fluctuating swelling was present; on the eighth 
day the whole of the back from the neck down to the region of the 
gluteal muscles had assumed a dark bluish colour, and looked as 
if it had been painted. These extensive extravasations are espe- 
cially rommon after fractures of the leg or arm. These dark blue 
or bluish-red discolo rat ions, with which the skin is never tender or 
much swollen, do not fortunately remain ; some further changes set 
in, the first of which is another change of colour; the blue and red 
become brownish, then green, and lastly yellow. This peculiar play 
f colour has given rise to the expression of " beating one black and 
that is, giving one a sound thrashing. The final colour, 
p yellow, usually remains for a long time, even for months j and 
t this also disappears, and no external trace of the extravasation 
ains. 

r we now inquire how these various discolors lions of the skin 
b brought about, we find if we have an opportunity of examining 
Vd extravasations in different stages that it is a colouring 
bter of the hlood, which gradually undergoes these metamor- 
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phoses and gives rise to these varying shades of colour. When 
blood escapes from the vessels, and gets into the connective tissue 
the fibrin coagulates. The blood serum permeates the connective 
tissue and gets back again into the vessels ; it is reabsorbed. The 
colouring matter of the blood leaves the corpuscles ; it too gets in a 
state of solution into the connective tissue. The fibrin and the 
blood corpuscles break up for the most part into fine molecules, aw 
become absorbed as such by the vessels. A few of the white cor- 
puscles perhaps, as in thrombus, may possibly be further developed. 
The blood-colouring matter which pervades the tissues ondergoes 
certain subsequent chaises which are not very well understood, 
until it is finally converted into a permanent colouring mattei^ 
which is no longer soluble in the fluids of the organism — 
hsematoidin. 
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Granular and crjstallited hRmatoidin, orange uid red colour. Uagnified 400: 

As in a thrombus, this is partly granular, partly crystalline. In 
its pure condition it is of a dark orange or of a ruby-red colour ; 
when sparingly distributed, it gives the tissues a yellowish colour, 
when more plentifully present, a deep orange tinge. 

Absorption of the extravasation always takes place in diffoae 
suggillation, because the blood is widely distributed in the tissoe, 
and the vessels which have to do the work have not suffered &om 
the contusion ; this b the most desirable, and under favorable cir- 
cnmatancea the most frequent termination of subcutaneous and 
intermuscular eifusiona of blood. 

In circnmscribed effusions — in ecchymoses — the case is some- 
what different. It depends in the first place on the extent of the 
effusion, and next on the state of the vessels in the aurroanding 
tissaes ; the more numerous they are, the lesa are they injured by 



SITBCCTANKOUS BFFDSIOnS Of BLOOD. 191 

l- ctrntaaion, the mori^ lilielj is it that absorption will take, place. 
R'erertheless, abaorpticta in large eiriisions of this kiud is at the 
beat uncertain. There are various causes wbich prevent this; first 
of all, a thickening of the connective tisane around the elTused 
blood, as around a foreign body (as also id traumatic aiieurisni), 
takes place, by means of which the blood becomes encapsiiled; then 
ou the interior surface of this sac fibrin ia deposited in layers, 
and fluid blood remains in its centre. Thus the vessels around 
this blood tumour can oidy absorb a very limited amount of 
fluid, because they arc separated from the fluid parts of the blood 
by a thick wall of fibrin. We here get the same conditions as are 
present iu large adhesive exudations into the pleural cavity ; the 
layers of lymph which are deposited on the chest walls interfere 
with reabsorplion. It can, in fact, only take place undrr these 
circumstances by molecular disintegration of the fibrin, and by its 
becoming fluid again; or after it has become organised and pro- 
^^^^ided with lymph and blood-vessels. This is not at all uncommon 
^^^^■the pleura. There are many other terminations for these extra- 
^^^^Btttions. Por instance, the 6uid portions of the blood may 
^^^Kcouie entirely absorbed, and a firm hard swelling arranged in 
^^^^■p centric layers (like au onion) remain behind. This happens 
^^^^Lry now and then with extravasations into the labia majora, and 
^^^^ this manner a fibrous tumour results. These connective-tissue 
tumours may also form in the uterus under like circumstances. 
Uany hicmatomata become organised into connective tissue ; they 
nmy also take up salts of lime, become calcareous, and calcify ; on 
the whole this is a rare termination, but one which does ha|)pen, 
for instance, in effusion of blood into lai^e goitres, and also occa- 
sionally in the walls of large traumatic aneurisms. Another way 
is the transformation of the blood tumour into a cyst. This is 
observed in the brain, also in soft tumours. Many of the cysts in 
goitres, along with other modes of origin, may possibly be explained 
in this manner. By a cyst or encysted tumour we mean a sac or 
cavity with more or less fluid contents. The contents of a cyst 
resulting from extravasation of blood are of a darker or ligliter 
colour according to their age; the blood -co Ion ring matter may 
entirely disappear, and the contents become quite white in colour, 
or bo oidy tinged by molecules of fat. In large circumscribed 
extravasations you will find well-formed crystals of hrematoidiii less 
abundant, and less often than in smaller and more diffuse extra- 
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vasations : in the former fatty degeneration of the elements of the 
blood is more manifest, and this leads rather to the production of 
crystals of cholesterine. The capsule which encloses these old 
blood effusions is formed partly by organisation of peripheral 
portions of the blood-mass, and partly from the surrounding 
structures. 

Suppuration of circumscribed extravasations is far more common 
than the last two metamorphoses which we have just described, but 
this is not so common as reabsorption. The inflammatory process 
around, and the plastic processes in the peripheral portion of the 
extravasated blood through which, in the two preceding instances, 
the thickened connective tissue which enclosed the blood was deve- 
loped, assume a more acute character in the case we are about to 
describe ; here also a limiting layer is formed, but not slowly and 
gradually as in the last cases, but by a rapid cell-development ; this 
plastic infiltration of the tissue does not lead on to the development 
of connective tissue, but to suppuration ; the inflammation spreads 
to the cutis, and this also suppurates from within outward, and 
finally perforates ; the pus, mixed with blood, is then evacuated, the 
walls of the cavity fall together, shrink and close up : in this way 
healing takes place. We shall have to speak of this mode of heaUng 
when treating of abscesses; we are accustomed to call any pus- 
tumour, that is, a circumscribed collection of pus anjnirhere beneath 
the skin, an abscess, and thus we speak of the above process 
as the suppuration of extravasated blood. This process may 
take place very slowly ; it may even last three or four weeks, 
but, unless dangerous from its position, it generally runs a 
favorable course. We recognise the advent of this suppu- 
ration by an increasing inflammatory redness of the skin, the 
increase in size of the swelling, the increasing pain, occasionally 
accompanied by fever, and lastly by the thinning of the skin at the 
point where perforation finally takes place. 

Lastly, there may be rapid decomposition — sloughing of the 
extravasation, in fact ; fortunately this is rare. In this case the 
tumour becomes hot and tense, exceedingly painful ; the temperature 
generally rises to a considerable degree; rigors and other severe 
symptoms may also occur. This termination, which only occurs 
after very severe contusions, and with subsequent acute secondary 
inflammation, is the most serious of all, and indeed the only one, 
which calls for immediate surgical interference. 
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Whether there shall be absorption^ suppuration^ or decomposition 
of an extravasation depends not only on the amount of the effused 
blood, but more especially on the degree of contusion which the 
tissues have undergone ; so long as these can return to their normal 
condition absorption of the effused blood is probable ; if, on the 
contrary, the tissues are destroyed and break down and decompose, 
then the suppuration and sloughing will extend also to the blood ; 
briefly, the effused blood will undergo the same fate as the con- 
tused tissues. 

The differences which characterise the course of subcutaneous 
contusions and those which are open (compound) contused wounds 
are so remarkable that surgeons have long had them under con- 
sideration. Absorption of the extravasated blood, and molecular 
disintegration of the contused and dead tissue without any decom- 
position, often indeed without any symptoms of inflammation, are 
the rule in cases of slight subcutaneous contusions ; suppuration 
and sloughing are the exception; but in contused wounds, on 
the contrary, suppuration and sloughing of the contused tissue 
ordinarily occur. Formerly the unfavorable influence was sought 
in the contact of the contused tissue with the air, especially 
with the oxygen of the air ; more recently pure air is considered 
less injurious; it is only air rendered impure by the germs of 
minute organisms which is dangerous. To protect contused 
wounds from these germs is the object which has influenced Lister 
in the plan of construction of liis antiseptic dressings ; he endeavours 
to obtain (artificially) the same conditions for contused and deep- 
seated wounds as obtain in subcutaneous contusions, in order to 
get the same result, that is, absorption without either inflammation 
or decomposition. I must refer the reader to what has already 
been said on this subject (p. 135). 

We cannot accurately judge the extent of the contusion of 
muscles, tendons, and fasciae in cases where the skin is uninjured ; 
the extent of the extravasation, however, may sometimes help 
us, but it is at best an uncertain guide; of more importance 
is the amount of functional activity of the affected muscle, though 
here again the results obtained must be carefully weighed; the 
amount of force which has operated on the part will lead to the 
most reliable estimation of the amount of damage done. The heal- 
ing of contused muscles takes places, as in wounds, by molecular 
degeneration of the contused part and subsequent absorption. In 

N 
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suppuration of the extravasated blood the muscular elements are 
discharged with the pus, and then subsequently a formation of 
connective tissue and also of new mascular fibres may take place. 
The largest extravasations, both diffuse and circumscribed, are 
generally accompanied by injury to the bones. It will be better to 
consider injuries to bones in a separate chapter. 

When a portion of the body is so injured as to be either in part 
or entirely incapable of living, it becomes cold, bluish-red, or 
brownish-red, and then black ; it begins to mortify, and the pro- 
ducts of decomposition get into the neighbouring tissues and into 
the blood; the local inflammation and also the fever take on 
unusually severe forms. As this is the same for contusions either 
with or without wounds, we shall speak of it later on. 

The object of the treatment of simple contusions (contusions 
without wounds) is to conduct the process to the most favorable 
termination possible, that is, to absorption of the extravasation ; 
when this takes place, the injuries sustained by the soft parts also 
progress favorably, because tlie whole process remains subcu- 
taneous. We simply refer here to those cases where the contusion 
of the soft parts and the extravasation alone require treatment ; in 
cases complicated with fracture it is the latter which must before 
all be treated, and the extravsaation itself will scarcely require any 
special measures. If we are called to a contusion which has just 
occurred it becomes our duty to arrest the hsemorrhage if it seem 
to be still going on. This will be best secured by compression, 
which, when possible, is to be obtained by well-applied bandages. 
When a child falls on to the head, or knocks its forehead, it is the 
custom in North Germany for the mother or nurse to take the 
handle of a spoon or the blade of a knife and press it firmly on to 
the injured part, in order to prevent the formation of bruise-marks. 
This is a very useful popular remedy ; by this timely compression 
the further escape of blood is prevented on the one hand, and on 
the other the blood which does escape is made to distribute itself 
in the surrounding tissues and not allowed to collect at any one 
point; an ecchymosis just forming may in this way be transformed 
into a simple bruise ; the blood is thus more readily absorbed. 

But we rarely see the injury sufficiently early, and so in a vast 
majority of cases we have to deal with an injury either of a bone or 
of a joint as well as with a contusion, which latter then of course 
falls into the back ground. 
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The use of cold, applied by means of ice enclosed in a pig's 
bladder or an india-rubber bag, or cold-water applications to which 
it is a popular castom to add vinegar or liquor plumbi, are the 
means to be employed in recent contusions; they no doubt fre- 
quently prevent much subsequent inflammation. You must not^ 
however, count too much on these remedies ; the means by which 
the absorption of extravasated blood is best furthered are by 
uniform compression and absolute rest of the part. Thus it is best 
to apply wet bandages to the extremities, over which wet cloths 
may be applied, which must be renewed every three or four hours. 
Other remedies which usually act favorably in acute inflammations 
of the skin, such as mercurial ointment, are of little avail in these 
cases. I must not forget arnica ! This remedy is so honoured by 
some families and physicians that it would be considered unpardon- 
able to n^lect prescribing it in contusions; compresses soaked 
either with an infusion or with water to which some of the tincture 
has been added may be applied. Belief is all-powerful; some 
believe in arnica, some in lead lotion, others in vinegar, as the most 
powerful external absorbent. Probably the faith in arnica would 
somewhat decrease if the public was aware that eczema and ery- 
thema of the skin not infrequently follow its use. In all cases 
doubtless the eflect is due to the moisture and to the changes in 
temperature consequent on its application ; the capillaries are kept 
constantly active, at one time contracted, at another dilated, and so 
they are best adapted for absorption because they are active. 

Difi'use extravasations of blood, with only moderate contusion of 
the soft parts, are generally absorbed without much treatment. If 
a circumscribed extravasation does not materially alter in the course 
of about fourteen days, there is nevertheless no indication for active 
interference. The tumour must be painted with diluted tincture of 
iodine once or twice daily, and compressed by means of an appro- 
priate bandage: under such treatment it will not unfrequently 
subside in the course of a few weeks. If it become hot, and the 
skin over it inflamed, reddened, and painful, we must be prepared for 
suppuration; even the continued application of cold will now 
seldom alter the course, though it may possibly moderate it. And 
now, in order no longer to retard the suppuration which we cannot 
prevent, we may apply hot fomentations, either with folded cloths, 
wrung out of hot water, or with poultices ; we now quietly await 
the course of events ; if no aggravation of symptoms occur, if the 
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patient feel pretty well, we may wait patiently for suppuration; the 
skin will gradually thin at one place (though this may not take' 
place for weeks), and at last an opening will be made, the pus will 
discharge itself, the walls of the cyst will fall together, and in a 
short time healing will be complete. At the commencement of this 
lecture I mentioned a case where, after fracture of the scapula, an 
enormous, partly diffuse, partly circumscribed extravasation was 
formed. Here was a highly fluctuating swelling, which persisted 
and was not absorbed ; though the diffused portion was rapidly 
removed, it was five weeks after the accident before the suppuration 
broke through, and then between two and two and a half litres of 
pus were evacuated. Eight days later this enormous cavity was 
healed up, and the patient left the hospital quite cured. 

If, in the course of the suppuration of an extravasation, the tension 
of the swelling should rapidly increase, and a high temperature with 
rigors occur, you may infer that decomposition of the contents of 
this tumour has set in. With such symptoms the putrid fluids 
must be quickly let out. This is best done by making a free inci- 
sion through the skin, whenever the anatomical relation of parts 
will allow it ; otherwise several smaller incisions must be made, and 
in such a position as will allow a free exit for the discharge. These 
incisions of course entirely alter the aspect of the case, for you have 
made a subcutaneous contusion into a compound one. Other con- 
ditions now come into play, which we will consider in our next 
lecture. We must, however, just mention, that in case of extensive 
gangrenous breaking down of the soft parts after such contused 
wounds, amputation is indicated, although, without simultaneous 
fracture of the bones, such unfavorable cases rarely happen. 



LECTURE XII. 
CHAPTER IV. 

CONTUSED AND LACERATED WOUNDS OF THE SOFT PARTS. 

Mode of occurrence of these wounds ; their appearance, — Slight 
haemorrhage in co^Uused wounds. — Early secondary hcemorrhage. 
— Gangrene of edges of the wound; influences which effect the 
slower or more rapid detachment of necrosed tissue. — Indi- 
cations for primary amputations, — Local complications in con* 
tused wounds, — Decomposition. — Putrefaction. — Septic inflam- 
mations. — Contusions of arteries / late secondary hemorrhage. 

* 
The causes of contused wounds^ of which we have to speak 

io-day, are the same as those of simple contusions^ except that in the 
former the force employed is usually much greater than in the 
latter; it depends also on the form of the wounding instrument^ 
whether it is such as to divide the soft parts easily^ and further on 
the part of the body struck^ whether the skin over it is particularly 
thin^ or whether it is supported on a firm subcutaneous basis. 

The kick of a horse^ a blow from a sticky the bite of an animal or 
a man^ being run over^ injuries with blunt knives^ with saws^ &c.^ 
are frequent causes of contused wounds. Nothings however^ cause 
more contused wounds than rapidly revolving machine wheels^ 
iron rollers, circular saws, spinning machines, and machines with 
wheels and cogs. All these instruments, the productions of an 
ever-advancing industry, are the causes of much mischief amongst 
the working classes. Men and women, adults and children, with 
crushed fingers, smashed hands, jagged and lacerated arms and fore- 
arms, are always to be found in the surgical wards of any large hos- 
pital. If to these we add the now somewhat rarer cases of railway 
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accidents^ and those caused by the blasting operations of building 
tunnels, &c., you will see, not only how much sweat, but also how 
much blood, cling to the evidences of modem culture. At the 
same time it is not to be denied that the chief cause of these acd- 
dents for the most part is the carelessness, often indeed the fool- 
hardiness, of the working man. Daily contact with dangerous 
machines renders people at last careless and rash, and many pay for 
this with their lives. 

Gunshot wounds for the most part belong to the class of con- 
tused wounds; but as they have many peculiarities of their own, we 
shall consider them in a separate chapter. Lacerated wounds, and 
the complete tearing out of portions of a limb, will be considered 
towards the end of tiiis chapter. 

Contused wounds from all the above-named causes are very 
frequently complicated by the most varied and often dangerous 
fractures ; for the present, however, we shall leave these injuries out 
of consideration and treat only of the soft parts. 

The appearance of a wound generally indicates whether it is due 
to incision or contusion. You are already familiar with the charac- 
teristics of a clean-cut wound, but I have already pointed out to 
you some cases in which a contused wound may resemble an incised 
wound and vice versa. Contused wounds, just as incised wounds, 
may be accompanied by loss of substance, or may consist in a 
simple solution of continuity. The edges of these wounds are for 
the most part very uneven and shreddy, especially the edges of the 
skin ; the muscles sometimes look as if they had been chopped, and 
shreds of the soft parts in larger or smaller pieces, not infre- 
quently in large flaps, hang down into the wound stained with the 
blood, which is either stagnated or effused within them. Tendons 
are occasionally ruptured or torn out, fascise^are torn, the skin around 
the wound, often to a great extent, is separated from the muscles, 
especially if the contusing was combined with a tearing and a 
twisting force. 

The degree of destruction of the soft parts is naturally very vari- 
able, and its extent cannot always be accurately ascertained, as we 
cannot always see how far the contusion and tearing extend beyond 
the wound ; often enough during the subsequent course of a wound 
we may convince ourselves that the contusion extended much 
further than the size of the wound indicated and that the separation 
of muscles, the tearing of the fascise, the effusion of blood, hav& 
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deil far beyond the portion of skin which was raptured. It is 
SB unfortunate circumstance that the external wound affords no 
guide for judging of the extent and depth of the contnaion, and 
thus it is very difficult lo correctly estimate the extent of such an 
injory at the first examination, and tlius while the outward appear- 
ance of the wound gives the layman no idea of the danger, the 
experienced surgeon soon recognises the gravity of the case. 

Since the injury, especially when done by machinery, is very 
rapidly inflicted, the pain is not great, nor is the pain of contused 
wonnds shortly after their infliction particnlarly severe ; in fact, the 
greater the injury and more crushed a part is, the less considerable 
is it. This is easily explained by the nerves in the region of the 
wound being completely crushed and destroyed, and conscqueirlly 
incapable of conducting impressions ; besides this, the so-called 
concussion (" stupor ") of the injured part, to which I referred is 
the last lecture, here comes into play. 

At (irst sight it seems remarkable that these contused wonnds 
bleed so little, if at all, even though large veins or arteries b« 
crashed or torn. There are authentic cases on record where after 
complete crushing of the feilioral or axillary artery no primary 
hsmorrhage took place. This certainly is not of frequent occur- 
rence; in many cases after a complete rupture of an artery of soeh 
large size, there is a constant oozing of blood, if not an actual 
spirt, and such, coining from the femoral artery, for instanoe, 
would rjnickly cause, death. I have already pointed out how the 
arrest of hemorrhage takes place in smaller arteries, but 1 will 
make it clear to you by giving an illustration. A railway labourer 
was run over by an engine, the wheel of which passed over his left 
thigh just below the hip-joint. The unfortunate man was imme- 
diately brought to the hospital on a stretcher ; apparently he had 
Iwt much blood by the way, and 0:1 his arrival he was very pale 
and bloodless, but perfectly conscious. After complete removal of 
his tattered clothes we found a horrible Uiangling of the soft parts 
of the K^on mentioned. The bone was sraoalied into about thirty 
pieces, the muscles were crushed into a pulp, and hung out of the 
wound in shreds ; the skin was ploughed up as far as the hiji-joint. 
At no point of this immense wound did an artery spirt, but blood 
constantly welled up from the deep jiarts in uo inconsiderable 
quantities, while the general condition of the jiatieut plainly showed 
that he had already lost blood to a considerable extent. It was 
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obvious that nothing short of exarticulation at the hip would 
avail ; yet in the then condition of the patient this was not to be 
thought of^ for the additional loss of blood (Esmarch's method 
was then not thought of) which such an extensive operation would 
necessarily have entailed would certainly have been fatal. Before 
all things^ then, it became necessary to arrest the haemorrhage which 
probably came from a tear in the femoral artery. I first of all 
endeavoured to find the femoral artery in the wound, while it was 
compressed higher up, but the muscles were all so much mis- 
placed, twisted, and their anatomical relations so altered, that it 
could not be quickly done, so I proceeded to ligature the femoral 
artery below Poupart's ligament. After this was done most of the 
bleeding ceased, though not entirely on account of the rich arterial 
anastomosis, and so, as no regular bandage could be applied on 
account of the extensive lacerations, I applied a tourniquet just 
below the spot where I meant to exarticulate, and screwed it firmly 
up. The bleeding now left off; we administered various restora*^ 
tives in order to bring the man round ; he had wine and warm 
drinks, so that towards evening he had again so far recovered that 
the temperature had gone up to normal, and the radial pulse was 
again fairly good. I should have postponed an operation until the 
following day but that, in spite of ligature and tourniquet, the haemor- 
rhage again commenced as the heart's power increased, and I feared 
the man might bleed to death during the night. I therefore per- 
formed exarticulatio femoris with the able help of my assistants, 
and did it as rapidly as I could. The loss of blood during the 
operation was not considerable absolutely, but it was relatively 
much for the already debilitated patient. At first all seemed to go 
on favorably, the spirting vessels were all tied, the wound was 
closed up, and the patient put back to bed; he soon, however, 
became very restless and dyspnoea set in : this increased more and 
more and finally convulsions occurred; the patient died two hours 
after the operation. 

The examination of the femoral artery of the smashed extremity 
showed a lacerated wound, situated in the upper third of the thigh, 
involving a third of the calibre of the vessel. Not only the shreds 
of the tunica intima, but also the other arterial coats, had curled 
themselves up into the lumen of the vessel, so that the blood escaped 
from it with great difficulty; the surrounding structures were com- 
pletely saturated with blood. In this case no clot had formed 
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come to consider that the artery was injured in its 
entire circumference, you will easily see how the torn shreds of the 
arterial coats, pressing from nil sides into the lumen ot" the vessel, 
might have rendered the escape of hlood still more difficult or even 
impossible ; in that case a thrombus would have formed, which 
would have plugged the vessel and then have gradually organiaed or 
have broken down and putrefied. If no ha;morrhage liad followed 
Ihc partial contusion of the artery, for instance, if the entire con- 
tusion had been a simple one (with no external wound], probably a 
clot would have formed in the artery at the spot injured by the con- 
tusion, a clot or thrombus in the wall of the vessel (ein wand- 
stiuidiges ticrinnsel} ; in such a case the contusion of the artery 
might have been followed by preservation of its calibre — a result 
which b said to have sometimes been observed. 

Apply the conditions above described of a contused large artery 
to the smaller arteries, and you will quickly see how much more 
fily complete spontaneous closure of the lumen of the vessel may 
take place, partly by the rolling in of the brittle torn tunica intima, 
and partly by the contraction of the tunica muscularis, and aiso by 
the slireds of the adventitia ; so that in such-like contused wounds 
haemorrhage may be entirely absent. These observations led to 
the invention by the French surgeon Chassaignac of au instrument 
by means of which a diseased part of the body may be taken off; he 
terms the operation "ecrasement," and the instrument an "6cra- 
seur." It consists of a strong loop of metal, made up of a number 
of small links rivetted together, which is placed around the part 
about to be removed ; the loop is then tightened with the aid of a 
tackwork apparatus, contained within the handle of the instrument, 
which is hollowed for that purpose. And indeed, if the instrument 
be properly handled, not a drop of blood need be lost ; and although 
Ibis method found little sympathy among surgeons at first, because 
contused wounds are avoided as much as possible in operative sur- 
gery, yet for certain cases its practical value b beyond all question. 
^_ Healing of wounds caused by " ccrasement" takes place with 
^^H imusually little local or constitutional reaction ; secondary infiam- 
^^^^ mationa are associated with this class of wounds less frequently than 
^^^L with clean-cut wounds ; nevertheless, his operatiou is ajiplicable 
^^^L odj in a r^ttvdy small number of cases. 
^^^H There is jet another point to consider, which tends to limit 
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hsemorrhage in extensive contusions^ and that is^ the depression of 
the heart's action caused by the injury ; this is probably produced 
by reflex action. Persons who are seriously injured, quite irre- 
spective of the loss of blood and of injury of nerve-centres^ are 
usually stupid and stunned ; we have no German word to express 
this state of depression, and so the English word '^ shock'' is used. 
It signifies a condition of great depression after an injury. The 
firight of the injury, and all thoughts about it, which follow in rapid 
successipn, probably combine to produce a considerable mental 
depression, which has a paralysing effect on the heart's action. Still, 
even in persons who are not much mentally affected by an accident, 
such as is the case in old soldiers who have been frequently wounded, 
or in persons of a very phlegmatic disposition, the shock of an 
accident is not entirely absent, and thus we are led to the conclusion 
that shock is really due to reflex causes. Contusions of the abdo- 
minal viscera have a more depressing effect on the nerve-centres than 
even contusions of the extremities, as I have already pointed out. 
In connection with this subject the so-called '' Klopfversuch" (per- 
cussion experiment) of Golz is interesting. If a frog be repeatedly 
struck on its abdomen with the handle of a scalpel, it will become 
temporarily paralysed through ansemia of the brain ; the abdominal 
vessels dilate widely in consequence of paresis of their walls, and 
thus appropriate a great portion of the blood, so that the remaining 
vessels and even the heart become bloodless, while the latter only 
feebly contracts. 

Then when the patient has recovered from this mental and phy- 
sical depression, and when the heart is again acting with its former 
or even with more vigorous energy, hsemorrhage may take place 
from vessels which at first did not bleed. This is a variety of 
secondary hsemorrhage, such as occurs after operations, when the 
chloroform narcosis has passed off. The patient must therefore be 
carefully watched during this period in order to guard against such 
dangerous hsemorrhages, especially if, in consequence of the posi- 
tion of the wound, there be any reason to suspect that a large 
artery has been injured. 

We will next examine somewhat more attentively the local 
changes which are taking place in the wound. 

Though the processes which take place in contused wounds, the 
superficial changes as well as the ultimate healing of the wounds, 
are essentially the same as in incised wounds, there are yet con- 
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lerable differences in the manifestations of these processes in the 
Wo coses. One very important point to remember is that in con- 
tused wounds the nutrition of the edges of the skin and of the soft 
partu is more or less extensively interrupted or may be even com- 
pletely destroyed. More anatomically expressed this aignifies that 
the circulation, the nutritive juices, and the nerve influences are 
more or less absent from the edges of contused wounds in con- 
sequence of the injury sustained by the vessels, tissues, and 
nerves. Thus the contused and gangrenous edges of such a wound 
cannot possibly heal by the first intention, since this process abso- 
lutely requires complete vitality of the wound surfaces. These 
contused wounds, the edges of which have been injured, always Leal 
by granulation. This observation has led to the practice of never 
puttiug in sutures in contused wouuds, and of not even closing 
them with strapping. You may consider this as the general rule. 
There are of course exceptions to it which you can only learn by 
practice in the wards, and concerning which I will for the present 
only just remark, that occaaionally large loose skin Haps are 
adjusted into their proper position, not in the expectation that heal- 
ing by the first intention will take place, but in order to prevent 
too great retraction and too much atrophy afterwards. Contuaiou, 
laceration, tearing, are variously combined, but it depends in each 
case whether or not the edges of the wound are capable of repair. 

The formation of granulations and suppuration subsequeatly are 
the same as in wounds with loss of substance, only with this dilTer- 
eiice that repair takes place more slowly, and ui many places even 
more imperfectly. Occasionally also, no doubt, in incised wouuds 
with loss of substance, there is loss of a superficial layer of tissue 

(the nutrition is not adequate ; but this is very iusignificant in 
Dparison with the extensive flaps of tissue which sometimes 
ngh after contused wounds. These shreds of dead (necrosed) 
n, fascia!, tendons, hang from the wounds for daya, and even 
eks, while other parts are granulating luxuriantly. 
The process of detachment of dead from living tissue takes place 
follows : — along the margin of the uninjured, healthy tissue, and 
proceeding from it, an iufiltration of new cells gradually takes place 
which leads to the formation of granulations and of new blood- 
^^^^essels; the surface of these granulations soften and pus is formed. 
^^^^Lb a result of this softening, to a certaiu csteut a dissolving and 
^^^Keltiug away of the tissue, the cohesion of the parts naturally ceases 
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I and the dead tissue which on account of its fibrous nature still 
clings to the living, must at Inst fall olT. 

Thus a portion of the surface of a contused wound will almost 

I always become gangrenous or necrotic (from vtcpuc, death, 
and ij yayypaiva from y^aiviK, to consume) — expressions which 
-are used synonymously for parts in which both circulation and 
innervation have ceased, and which are dead. The spot at which 
the detachment of the gangrenous portion takes place is called the 

I line of demarcation. 

I will endeavour to make this process of separation of the dead 
from the living tissue by means of the formation of granula- 
tion and suppuration a little more intelligible by the following 
■diagram. 
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The process of separation of necrosed tissac in contused wounds. Magnifiad 
I 300. Diagnmatiu. a. Contused necroUe portion. 6. LiTing tissue. ThB 
«pper portion of a represents ti\c surffkce of the wound. 

Ill the portion of tissue here represented the edge of the wound 
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is supposed to be so contused that the circulation has ceased, and it 
is no longer nourished^ the blood in its vessels has coagulated as 
far as the shading extends in the drawing. Cell infiltration and 
inflammatory new growth is commencing at the extreme edge of 
the living tissue^ between a and b where the vessels terminate in 
loops; these loops dilate, and increase by a process bf budding, and 
multiply ; the infiltration in the tissue is increased by the wandering 
cells, just as if this were the edge of the wound. Granulations 
form, the surface of which breaks down, that is, the surface adjoin- 
ing the necrosed part ; so that the latter naturally falls off because 
its adhesion with the living tissue has ceased. 

The separation of the necrosed portion then is brought about by 
the formation and suppuration of granulation tissue. When the 
dead tissue has fallen off, the subjacent suppurating layer of granu- 
lations comes to light, as it was already developed before the 
necrosed portion was detached ; what you here see in connective 
tissue is true also of other tissues, bone not excepted. 

In many cases it is possible to judge from the fresh edges of the 
wound how much of them will necrose, but not by any means in all 
cases, and it is never possible to foretell exactly where the line of 
demarcation will appear. 

When the skin is badly contused it usually has a dark blue or 
violet appearance and is cold to the touch; in other cases there 
appears to be no change in it at first, but in a few days it becomes 
colourless and absolutely devoid of sensation ; then it turns to a 
grey colour, or if it dry up completely, to a greyish black or 
brownish black. The variations in colour depend chiefly on the 
amount of coagulated blood, which is contained in the vessels, or as 
a result of their rupture in the tissue itself. The healthy skin, on 
the contrary, is bounded by a rose-red line which gradually diffuses 
itself. This redness is the result partly of collateral dilatation of 
the capillaries, and partly a congestive and inflammatory symptom, 
which we have already spoken of at length ; it is the redness of 
reaction about the wound which has been described elsewhere, for 
the healthy surface of a wound only begins where the capillaries are 
charged with circulating blood. 

Much less frequently, and often not at all, can we foretell 
from first appearances how much muscle, fascia, or tendon will 
slough off. 

The time required for the dead tissue to be separated and detached 
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from the living, greatly varies with the dififerent tissues. It chiefly 
depends on the vascularity of a part ; the richer a tissue is in capil- 
laries the softer it is, and the more easily do cells spread through it; 
and, according to its structure, the richer it is in cells which are 
capable of organization, the more quickly will the formation of 
granulations and the separation of the dead portion take place. All 
these conditions best obtain in the subcutaneous cellular tissue, least 
so in tendons and fascise ; the cutis, in this respect, occupies an 
intermediate position. The conditions for the bones are most unfa- 
vorable ; the separation of the dead from the living bone takes place 
most slowly, but of this anon. A rich supply of nerves seems to 
count for little in the process. 

But there are many other influences which hinder the rapid 
separation of the necrosed parts, or, what is the same thing, retard 
the formation of granulations and of pus. Among these may be 
mentioned the continued action of cold on a wound, such as may be 
affected by the application of ice. As a result of the low tempera- 
ture the vessels are kept in a state of contraction, the movements 
of leucocytes are retarded, and the cell proliferation diminished. 
The contrary obtains by the application of constant warmth; 
by this means we increase the blood-flow to the capillaries, and 
compel them to dilate, as you may see by the redness which 
immediately appears even on healthy skin when you apply a 
hot poultice. Besides this, it is well known that warmth favours 
cell-movements. 

It is altogether impossible also to foretell the influence of the 
constitutional peculiarities of the patient himself on the course of the 
above processes, but in general we may say that they are more 
energetic in young, strong muscular individuals, and more mode- 
rated and sluggish in weakly individuals. But in this one is often 
mistaken. The course of contused wounds is particularly unfavorable 
in old drunkards. 

From what has been said you will be able to gather that contused 
wounds require a much longer time to heal than the generality of 
simple incised wounds. It will also be evident to you that there 
may be circumstances which necessitate the amputation of a limb, as 
when the soft parts are completely smashed and lacerated. There 
are, indeed, cases in which the soft parts are completely torn away 
from the bone, leaving nothing but the latter, so that on the one 
hand no cicatrization could take place; on the other the extremity. 
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even if healing were to take place after months or years, would be 
absolutely useless ; thus it is better to remove it at once. Moreover^ 
complete detachment of the skin alone from the greater part of an 
extremity may, in rare cases, render amputation necessary, as in 
the following case:— A little girl, about ten years old, had her 
right hand caught between the rollers of a spinning machine ; she 
forcibly drew back her arm, so that the entire limb might not be 
destroyed. The hand again made its appearance, but the skin 
from the tips of the fingers to the wrist remained between the ' 
rollers. The skin was torn all around the wrist, and it now came 
off like a glove. When the patient was brought to the hospital, 
the injured hand looked like an anatomical dissection ; we could see 
the tendons work in their sheaths, when extension and flexion move- 
ments (which were in no way interfered with) were made ; no joint 
was opened, no bone broken — what was to be done? A fairly 
large experience of such machinery accidents had taught me that 
fingers which have been entirely deprived of their skin almost inva- 
riably become gangrenous: thus we should have had an extraordinary 
stump of a hand which, under the most favorable circumstances, 
would have been nothing more than an unwieldy cicatrized stump ; 
it was doubtful, indeed, whether a permanent cicatrix would have 
formed at all, and several months would have been necessary to 
obtain even this doubtful result. Under such circumstances it was 
better to do an amputation above the wrist at once, and this was 
done. Four weeks later the child left the hospital and was sent 
home ; her employer provided an artificial hand with some simple 
mechanism, in order to compensate her, as far as he could, for the 
injury she had sustained. 

Fortunately such cases are rare. In similar injuries of single 
fingers we mostly leave the process to itself, so that no more is lost 
than that which is absolutely incapable of living. We must always 
remember this principle in the surgery of the hand, that every inch — 
every line, more or less — is of great importance, and that single fin- 
gers, and especially the thumb if it be at all possible, must be preserved, 
for such fingers, if only partially movable, are infinitely more useful 
than the most elaborate artificial hand that can be made. With 
regard to the foot and the lower extremity other considerations 
liave to be taken into account ; of these we shall speak again when 
we come to the subject of compound fractures. 

Still it would be a happy thing if these sad mutilations and the 
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slow healing were the only dangers which beset patients with con* 
tused wounds ! Unfortunately there is a whole string of local and 
general complications which directly or indirectly endanger life! 
We will here refer to those complications which may be called local, 
and reserve the general ones for a separate chapter. 

Considerable danger may arise from the possible infection of the 
healthy surrounding tissues by the decomposing products of the 
wound. Putrescent matters act as ferments on other organic com- 
binations, especially on fluids wherein they are contained ; they 
bring about decomposition more quickly than it would ensue spon- 
taneously. You may almost wonder why extensive decomposition 
of parts which have been injured, but not actually destroyed, does 
not more frequently occur. In most cases, however, coagulation and 
adhesion of the soft parts and regenerative cell reaction set in so 
quickly along the borders of the living tissue, that a sort of living 
wall is formed by these means, which acts as a barrier to the 
passage of the putrid matter ; the granulation surface also vrhen 
once formed is particularly resistent to such influences. In many 
places a popular remedy is to apply cowdung and other dirty sub- 
stances to ulcers ; this scarcely ever causes any extensive putrefac- 
tion or granulating wounds. But if you apply these substances to 
fresh wounds, and bind them on in such a manner that the tissue 
becomes mechanically impregnated with the putrid material, the 
wounds will in many cases become gangrenous even to some depth 
down, and then finally an energetic and vital cell-proliferation 
opposes itself to the putrefactive ferment. 

The reason why putrid substances act so detrimentally on 
fresh wounds, and scarcely at all on granulating wounds, is, I 
imagine, to be found partly in the gelatinoid nature of the granu- 
lation tissue, which is often several millimetres thick, and partly in 
the fact that putrid substances are chiefly absorbed by the lym- 
phatic system. Thus, if you inject one drachm of putrid fluid into 
the subcutaneous tissue of a dog, you will produce inflammation, 
fever, and septicaemia ; but if, having first produced a large granu- 
lating surface, you daily apply to it lint soaked in stinking pus, 
you will scarcely get any visible results at all. Putrid fluids 
can no doubt get into the veins and capillaries through the walls 
of these vessels, but experience teaches us that septic wounds 
are accompanied by lymphangitis more frequently than by phlebitis. 
I shall again refer to this point. 
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The more the tissues are saturated with fluid, and the more their 
vital actirity is interfered with by a contusioii, so much the more 
will thcj, on account of their lowered vitality, be disposed to putre- 
faction. The cases, therefore, in which great (edematous swelling 
supervenes after contusion are more dangerous in this respect. 
This cedema readily comes on, because laceration aud contusion 
often intercept the venous and lymphatic circulation far bejond the 
limits of the wound. For example, a forearm caught beneath a 
stone weighing several hundredweight; probably there is only a 
small akin-wound, but yet the muscles are extensively smashed, and 
there is contusion of the tendons and fascial of the whole of the 
forearm, contusion and laceration of most of the veins ; great (ede- 
matous swelling will quickly set in, because the blood is being driven 
through the arteries into the capillaries with additional energy. Great 
indeed will be the disturbance in the circulation and iu the whole 
course of nutrition! It must soon become evident where the blood 
can still circulate and where not. At the wound there commences first 
a decomposition of the dead parts, this passes on to the stagnant 
humours, and, under unfavorable circumstances, spreads more and 
mure, the whole extremity as far as the shoulder swells tremen- 
dously, the skin becomes red and shining, tense, painful, and 
covered with blisters, for beneath the epidermis also scrum exudes 
from the capillary vessels of the skin. All these phenomena usually 
develop themselves on the third day after the injury, frequently with 
frightful rapidity. The whole of the extremity may become gan- 
grenous in consequence of this disturbance of the circulation. In 
other cases, only the fascia, tendons and shreds of skin perish, 
wiiilst cellular infiltration of the whole of the connective tissue of the 
extremity (of the subcutaneous cellular tissue, the perimysium, the 
neurilemma, the sheaths of the vessels, the periosteum, &c.) follows, 
which leads to suppuration. Towards the sixth or eighth day the 
whole extremity may become thoroughly charged with pus already in 
a state of complete decomposition. Theoretically speaking, a cure 
is conceivable iu such cases, i. e., we might believe that the process 
could become arrested, and the pus and dead tissues come away 
through appropriate openings in the skin. But this seldom occurs 
in practice ; if the state of things just described exist to the extent 
mentioned, nothing but speedy amputation can save the patient, and 
that not always. This kind of infiltration may be described at 
ichoro-serons ; it ia so at first only, soon becomes ichoro-iup- 
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porative^ and finally entirely suppurative. Essentially^ it is an 
inflammation of the cellular tissue resnlting from a local septic 
infection^ a septic pklegvumtms inflammation^ the products of whidi 
have a great tendency to decomposition which eventually leads, 
however^ to extaisive suppuration and necrosis of tissue in case the 
individual survives the blood infection alw^rs present under such 
circumstances. The earli^ such processes become arrested, the 
more favorable the prognosis ; the patient's danger increases with 
the advance of the local phenomena. 

We must now refer once more to the arteries in easel of the 
coming away of dead portions of tissue. It may be the case that 
an artery is bruised in such a manner that its continuity is not 
exactly destroyed^ and that the blood flows on through it^ but a 
portion of its wall is dead and comes away from the sixth to the 
ninth day, or even later. Whenever this occurs, haemorrhage will 
act once supervene proportionate to the size of the artery and the 
size of the opening. These secondary hssmorrhageSy which gene- 
rally occur suddenly, are extremely dangerous, because they affect 
the patient unexpectedly, sometimes during sleep, and not unfre- 
quently are first noticed only after much blood ^has been lost. 
There is another way in which a late arterial secondary hsemorrhage 
may occur, viz. from suppuration of the thrombus, or of the wall of 
the artery ; I observed one case of this latter kind in the third week 
after an important operation in the immediate neighbourhood of the 
femoral artery, close below Foupart's ligament, in which the arteiy, 
however, was not injured. The haemorrhage, in this case, occurred 
in the night. As the wound had always looked healthy and the 
patient had for some time been sleeping the whole night, and we 
had been saying the day before that he might get up the next day, 
there was no nurse in the patient's private room ; he awoke in the 
middle of the night of the twenty-second day after the operation, 
found himself swimming in blood and rang at once for the nurse, 
who immediately fetched the assistant-surgeon, who found the 
patient insensible already. He at once compressed the artery 
within the wound, and everything was done, while I was being 
fetched, to revive the patient. I found him pulseless and uncon- 
scious, but breathing, and the action of the heart could still be 
heard distinctly. While I was preparing to tie the femoral artery, 
the patient died ; he had bled to death. A very melancholy case I 
An otherwise strong, healthy man, in the flower of his i^, within a 
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i time of a cure, wu doomed to lose his life in this miserable 
*»y. I have seldom been so depressed by auy case ! And yet no 
reproicb couJd be made to any one ; the circumstances had, as it 
bappRned, bren very favorable ; the nurse chanced to be awake in 
the adjoining room, the surgeon was only one story lower in the 
same iiouse and in not more than three or fonr minutes at the bed- 
side of the patient, but the htemorrhage moat have been going on 
for a considerable time before the patient ^awoke. He was only 
awakened by the moisture which he felt in the bed. The post- 
mortem showed thut a suilJI portion of the femoral artery had sup- 
purated and become perforated. Fortunately, it is not always a. 
femoral arteiy that bleeds, nor is the bleeding always so violent, 
neither does it always occur in the night ; we need not, therefore, 
allow 90 rare a case of bad lack to destroy the interest we take in 
our art. Such arterial htemorrbagcs usually commence to an unim- 
portant extent from suppurating wound -cavities, and are soon 
checked by styptics or compression ; bnt the htemorrhage then 
recnra more violently after a few days, and is more difficult to 
arrest; eventually the bleedingi* are repeated more and more 
quickly, and the patient becomes more excited and more distressed. 
In all cases of violent arterial secondary hffimorrhnges imme- 
diate compression is the first remedy ; every nurse, male or female, 
ought to know how to compress the arterial trunks of the extremi- 
ties ; these people, however, easily lose their heads, as in the ease 
described above, and in their first anxiety run for ihe surgeon 
instead of compressing the artery themselvcei and sending some one 
dse for him. Compression is here a palliative means only ; it may 
happen that the hajmoirhage ceases therefrom ; hut if it be consider- 
able, and you are sure where it comes from, I advise you strongly to 
tie the respective arterial trunk at once within the wound, or, if this 
cannot be done quickly, in loco elecfimis, for tins is the only certain 
means. You must do this the more quickly if the patient be 
exhausted. Bemember that a second or third such hicmorrbage 
will certainly cause death. On that account you must, in courses 
of operativr surgery in the dissecting room, practise the tying of 
arteries before all other operations, so that you may become so 
expert Uierein as to be able to perform this operation when half 
asleep. Precisely in such cases much harm is done by unnecessary 
loss of time in employing styptics, which, for the most part, act 
liere only as palliatives, or not at all. TIic tying of an artery is a 
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trifle for one who has bis anatomy in his head and has made good 
use of his time in tlie courses of operative surgery I Anatomy ! 
gentlemen! anatomy! and once more anatomy I A human life 
often depends upon the certainty of your knowledge of that 
science. 

While on the subject of secondary hsemorrhages^ let us also speak 
here ol parenchynuitouB secondary hcsmorrhages. The blood issues 
from the granulations as from a sponge; we nowhere see a bleedings 
spirting vessel; the whole surface bleeds^ especially at each change 
of the dressing. This may'depend upon many circumstances ; very 
fragile, easily destroyed granulations, in other words, faulty organisa- 
tion of the same, may be the cause, and this faulty organisation of 
the granulations may again have its origin in a generaUy diseased 
condition of the whole organism (bleeders' disease, scurvy, septic or 
pysemic infection). Local causes in the vicinity of the wound may 
also exist, e. g. if extensive, slowly formed coagula of blood occur 
in the secondary veins, the circulation in the vessels of the granula- 
tions would be so much interfered with, the blood-pressure so much 
increased, that not only would serum perhaps exude from them, 
but also ruptures of vessels take place. It is true that I have 
not yet had an opportunity of verifying this by post-mortem 
examinations, but I have seen only few cases of such parenchy- 
matous secondary haemorrhages. The last explanation sounds very 
plausible; it originated, so far as I know, with Stromeyer, who 
calls such haemorrhages " phlebo-static." According to their origin 
it may be more or less difficult to arrest such haemorrhages ; in most 
cases, ice, compression, styptics will be expedient here ; in more 
serious cases, the tying of the arterial branchy although this has some- 
times failed. This kind of haemorrhage mostly occurs in indivi- 
duals much reduced by suppuration and fever, and is, therefore, 
an evil omen as to the general condition of the patient. 
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tvancitiij STippuralioru originating in eoniuaed wffundt. — Secondary 
ii^ammatioTUofKounds; lAeir caiues ; localin/ection. — Febrile 
reaHion in contuted wounds, teeondary fever, luppurative fever, 
fpver-rigori, their causet. — Treatment <f contuted wotindt ; 
immersion, ice-bladders, irrigation; critique of t&ete methodg 
of treatment. — IncidoTu, counter-openings.— Drainage. — Cala- 
ptatmt. — Open treatment of wounds. — Liste/s method. — Pro- 
phj/lajin apainsl secondary injlammationt. — Internal treatment 
of the severely wounded. — Quinine. — Opium. — Laeeraled 
Kounds, micnianeous tearing of muscles and lendoTU, tearing 
out ofUmbi. 

The granulating surface formed in a contused wound is, for the 
moat part, very irregular, and often presents many corners and 
pockets ; the contused wound does not suppurate on its surface only, 
but also the surrounding contused parts suppurate. The skin in 
tlie vicinity of the wound will often be found to be undermined by 
pus. The inflammation and suppuration often spread unexpectedly 
between the muscles, along the bones, and in the sheaths of the 
tetidons, perhaps because the pus formed is absorbed by the lymph- 
atic vessels, then decomposed, and thns causes fresh inflammation. 
Portunat«ly, such processes not unfrequently become arrested at the 
end of the second or third week, bnt the advance of the destructive 
process of suppuration may continue ; it creeps on in the continuity 
of the sheaths of the tendons and of the cellular tissue ; fresh nc.tts 
of suppuration show themselves sometimes at one point, aomctiines 
at another, the injured part continues swollen, [edematous, the 
granulations are of a dirty yellow colour, puify, spongy. If we 
make pressure in the vicinity of the wound, pus flows slowly out of 
^^jmaller or larger openings which have formed themselves spon- 
^^Buieously, and this pus, which stagnates in the depths of the wound. 
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is not unfrequently thin and ill-smelling. If this process continue 
long, the patient becomes weaker and more distressed, and has high 
and continuous fever; a wound which appears unimportant at first, 
in the neighbourhood of the hand, perhaps, may have caused fright- 
fol swelling and a very unfavorable general condition of the patient. 
It is in the sheaths of the tendons in the neighbourhood of the 
hand and foot especially that deep, insidious suppurations spread 
fiirther and further, from which the inflammation may extend to 
the joint of the hand or foot, as, reversely, inflammations of the joints 
of the extremities easily extend to the sheaths of the tendons. 
These conditions may take a very unfavorable turn and must be 
most carefully watched. From continuous fever, as well as firom 
eonsiderable daily formation of pus, the strongest men may become 
frightfully emaciated in a few weeks, and die with symptoms of 
febrile marasmus. 

We are now acquainted with two forms of inflammation which 
may supervene upon contused wounds : — ist, rapidly progressive 
septic inflammation of the cellular tissue, which occurs in the wound 
in the course of the first three or four days, (rarely within twenty- 
four hours after the injury, and equally rarely after the fourth day), 
and which is partly the immediate result of the injury, and depends 
partly upon local infection by decomposing humours and decompo- 
sition-ferments which develop themselves in the decaying tissues on 
the surface of the wound ; 2nd, progressive, suppurative inflamma- 
tion of the cellular tissue, which, especially in wounds of the hands 
and feet, may supervene from necrotic shreds of tissue during the 
cleansing of the wound, while the pus is not ichorous, although 
butyric acid is not unfrequently formed in it and gives it a bad 
odour. 

Now, if the wound is already thoroughly cleansed and granula- 
lation has commenced, if the inflammatory process has become cir- 
cumscribed, and the wound is beginning to cicatrise, you will, 
perhaps, think that nothing more can go wrong with it. But such is, 
anfortunately, not the case; fresh inflammation, followed by serious 
consequences, fM,y set in. These secondary progressive infiamnui- 
Uons in and near suppurating laomids, occurring later on and even 
several weeks after the injury, sometimes as unexpectedly as a flash 
of lightning from a clear sky, are of great importance and often 
highly dangerous ; they have almost always a suppurative character 
and may, just as frequently as the primary progressive suppurationB, 
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c fabil by vet; iaUmse, phlos^stic, suppurative general infectioa, 

many uuses aha by Lhe diuigeraiis nature of tlieir site, especially 

wounds of Llic head. These cases have sometlitug so striking, so 

;ical about tbem as to call for uui special attention. Assume 

yon haTc bfougbt a case of severe contnsioa of the leg, witU 

ituK, successfully tbroogh the first dangers : the [latienl is free 

fever, the woitnd is grnnulAting very well, aad eveu beginniog 

dcalrise. Suddenly, in the fourth week, the wound begins to 

swell, the granulations become cToiipous, Giially iniiltrated with 

fibrin (diphtheritic), the pns thin, the whole extremity swells, the 

patient baa again high fever, perhaps with repeated rigors. These 

phenomena may disappear and everything retura to the aora^ 

groove, bat the result i? oflen bad; in a few days, the strongest, 

Itbiest man may become a corpse. 

] saw a case of tliis kind in Zitrich in the person of a brother 
;er wounded in the head ; it may serve as a warning example, 
youth received a ."labre cut on the leftside of the head; the 
bone was injured quite superficially ; the wound healed quickly by 
the first intention, only a sm^dl spot continuing to suppurate. As 
the patient Celt quite well, he paid no attention to the)8iaail wound, 
went out, and regarded himself as being in perfect health. Sud- 
denly, in the fourth week, he had severe headache and fever after a 
walk. On the following d.-iy, about a teaspootifnl of pus waa foasd 
to have collected beneath the dcatrix, and let out by an inciaion. 
This had not the hoped-for good effect, upon his general condition, 
fever continued, delirium, followed by su[)or, set in in the 
ling, and on the fourth day this fine young man was dead. It 
easy to diagnose th.-tt suppurative meaingitis existed here, and 
was confirmed at the post mortem. Although the bone at the 
It exposed of the size of a pea, which had so long kept up a 
[ht sajipumtion, was but little discoloared by an inconsiderable 
lurative infiltration, yet the suppuration upon, in, and beneath 
dnm Biatcr was decidedly greatest at the point corresponding to 
woond, so that the fresh inflammation had undoubtedly pro- 
led from the wonnd. 1 saw a perfectly similar case, which alao 
inated fatally, a short time ago here in Vienna, in private prae* 
ho had received an apparently unimportant injury 
jb ap on tile forehead, near the roots of the hair, from sphnters of 
s Eod«'Water battle which had burst. He had been quite well up 
to six days before his death, and had attended to his busiueta. 
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The inflammations which occur under such circumstances have 
generally, as already remarked, a diffused suppurative character, but 
other forms supervene or occur independently, viz., an ulcerative^ 
diphtheritic form of inflammation of the skin, or hospital gangrene, 
or inflammation of the trunks of the lymphatic vessels {lymphan" 
goitis)y and a specific form of capiUary lymphangoitis of the skin^ 
also erysipelas or erysipelatous inflammation, lastly also inflammation 
of the veins (phlebitis). All these processes may not unfrequently 
be observed mixed with each other. We shall study these diseases 
more closely later on when speaking of incidental wound- diseases. 
But we must occupy ourselves here with the causes of the already- 
mentioned secondary inflammations before we pass on to the treat- 
ment of contused wounds, though we of course anticipate somewhat 
by so doing. All these forms of inflammation and also their reactions 
upon the organism are so closely connected with each other that it 
is impossible to speak of one set without mentioning the other. 

As causes of the secondary inflammations in and around suppura- 
ting wounds during the healing process we may mention the follow- 
ing: — I. Intense congestion at the wound, which may arise from a 
violent movement of the injured part, or from violent general 
exertion, or from exciting drinks, intense emotion, in short, from 
everything which causes violent excitement. Such congestions are 
very specially dangerous in cases of wounds of the head. Hyper- 
emia from obstructions, e, g. from too tight dressings, may 
similarly be very detrimental. 2. Taking cold locally or generally. 
Of taking cold as a phlogogenic principle we know scarcely any- 
thing beyond the simple fact that, under certain circumstances not 
easily to be defined more exactly^ a sudden change of temperature 
causes inflammations, especially at a locus minoris resistentits in an 
individual; in a wounded individual the wound is always to be 
regarded as a so-called loais minoris resistentia. The danger of 
taking cold in wounded persons was no doubt much over-estimated 
formerly, but I cannot quote distinct instances thereof. 3. Mechan- 
ical irritation of the wound. This is of great importance. Healthy, 
non-irritating, undecomposed pus of a wound is never absorbed 
by uninjured granulations, but if the granulations are destroyed by 
mechanical manipulations, e. g, by unskilful dressings, many 
probings, and such like manceuvres, in consequence of which the 
wound always bleeds afresh, fresh inflammations may be occasioned 
thereby. Any foreign bodies remaining in the wound also play an 
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importaiit part, e.g. fragments of glass, sharp pieces of lead or iron, 
almrp splinters of booe ; for the first processes whicb oocor in the ■ 
vound (tieptic phlegmoBons indammation, primary gangreoej, 
presence of such foreign bodies is of less conseqaence, bat if, p 
from mascular movements, partly from the movements c 
CBted to the tissues by the arteries, the sharp edges of a ft»f!^l 
body are made to rub constantly against the ti^acs, violent inf 
matiou occors after some time. 4. Chemical fermeni-like irrtto^ 
t'wtta of woundi, amougst which I may mention first soft foreign. I 
bodies, c. g. pieces of cloth, paper wads, which enter the tissara m.| 
shot - wounds ; these sabstances become impregnated with the 
wound- secretions, in combination with which the organic aubstancea 
(paper, wool, &c.) become decomposed and then act directly in the 
wound as irritants or ferment!'. I am inclined to think that the 
necrotic splinters of bone act deleteriously chemically rather than 
mcdiaiiically ; they always contain in the Haversian canals or in the 
medulla some decomposing organic substances ; ail such necrotic 
fragments of bone have an ichorous smeil if we extract them ; if 
the surrounding granulations become partially injured by the sharp 
edges of such a fragment of bone, the ichor from it enters the 
opened lymphatic vessels or perhaps also the blood-vessels, and thus 
ejtcites uot only local but also and at the same time general infec- 
tion. Necrotic shreds of tendons and fascia in the deep parts of 
suppurating wounds may be followed by the same consequence*, 
although this happens more rarely. 

Rare cases are met with, especially in hospitals, in which we are 
unable to recognise uuif of the above-mentioned canses; such 
occurrences then naturally excite unusual alarm, and it has been 
sought to explain them by an especially deleterioos action of the 
hospital air, especially of such as is charged with the smell of pus. 
There arc many reasons for doubting that the deleterious substances 
arc in a gaseous fonu ; if the ventilation be good, the air in the 
hospital may be kept pure, and yet this does not prevent the evil 
consequences in question ; neither can we produce infiammaliona 
by any of the gases developed from pus or decomposing substances, 
except perhaps by sulphuretted hydrogen when taken up by water 
and injected into the subcutaneous cellular tissue. Putrid lluids 
and pus are not likely to be taken intentionally from one patient 
and placed upon the wounds of another. Tliat the neighbour- 
hood of n vound ja»,jinder-ceEtain circumstances, be infected 
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by the pus of the wound and a fresh inflammation produced, 
has been mentioned above. There scarcely remains anything 
left us^ therefore, except to assume that the substances thus 
acting deleteriously are dry and in the form of dust; they may, 
indeed, float in the air of the hospital, or they may exist in the 
dressings, the hnt, or the compresses used for dressing the wounds^ 
or on the forceps, sounds and sponges brought into contact with the 
wounds. 

Can it be fungi or any other organic germs of a nature hitherto 
inscrutable ? This is, indeed, possible, fdr every cubic foot of air 
occasionally contains a quantity of such organic germs, and im a 
hospital especially, such germs of organic beings of an animal or a 
vegetable nature may be developed and fixed in wound-secretions, 
isputee, excrements, and vessels containing urine, the more so the 
more such easily decomposing secretions and excretions are allowed 
to accumulate in ill-arranged privies, &c. Y<yc the present we mnii 
be content with conjectures on this point. We can, on the othci 
hand, experiment with dried putrid substances and dried pus, by 
reducing them to a fine powder and introducmg them into the 
healthy tissues of animals. Such experiments have been made by 
O. Weber and me, and it has been shown hj them that animal as 
well as vegetable putrid dried substances, and also dried pus, ad 
phlogogenically under certain conditions ; if we pulverise these sub- 
stances, stir them quickly with a little water, and inject them into 
the subcutaneous cellular tissue of animals, we thereby cause pro- 
gressive inflammations just as with decomposing fluids and pus. 
That in a hospital such deleterious bodies in the form of dust may 
exist in the dressings, bedclothes, and perhaps on instruments, must, 
^priori, be admitted. In short, il U possible that the direct dele- 
terious eflect of hospital air on many wounds depends upon the eir- 
oumstance that very fine putrid or purulent matters in the form of 
dust adheres to the dressing materials, or instruntents, and that in 
them the ferments are contained. 

That deleterious, infectious matters may also enter the body 
otherwise than through wounds, especially through the lungs, can- 
not be doubted ; we explain to ourselves thereby, in fact, the origin 
of all infectious diseases, that substances find their way into the 
organism which act as organic poisons upon the blood and upon the 
whole organism; but whether these disease-elements which cause 
the infectious diseases occurring chiefly in the wounded enter the 
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organism otherwise than through the woand is a question the 
answer to which must depend very mneh upon the particular inter- 
pretation of the cases observed. We will return to this subject 
later on^ in connection with incidental wound-diseases. 

You will probably beliere that you have caught me contradicting 
myself as I told you in yesterday's lecture that no molecular bodies 
enter the tissues through uninjured granulating surfaces. I must 
still assert this as holding good in ordinary cases; a healthy, un- 
injured, granulating surface is an essential defence against infection 
through the wound. But if the infectious matter itself is extremely 
irritating, so that the granulating surface is destroyed thereby and 
decays, a way is thus opened for the entrance of the poison into the 
tissues. More than this ! there are certain matters which may be 
introduced from the pus-cells into the granulation-tissue, and per- 
haps still further. Strew the granulating surface in a dog with 
finely-powdered carmine, and some of the cells will take up the fine 
granules of carmine and enter with it into the substance of the 
granulations ; after some time, you find cells with carmine in the 
granulation-tissue. I regard this as an abnormal retrograde move- 
ment of the pus-cells, concerning which we may otherwise assume 
that they advance from the granulation-tissue to the surface of the 
wound ; of course no one has seen this. In any case, however, the 
above experiment serves to explain that molecular bodies also can 
penetrate from without into the tissues of the edges of wounds, and 
when these matters are sharply decomposing or corrosive, or contain 
in themselves phlogogenic poisons, they will cause violeut inflam- 
mation. These considerations will render you very anxious con- 
cerning the fate of the wounded, for an absolute defence against 
such ^dangers appears unattainable. But I must here at once 
remark for your consolation that not all the molecular organisms 
which are contained in the atmosphere by milliards flourish on 
wounds, and that they are not all phlogogenic. In my opinion, 
not every micrococcus acts phlogogenically as such, but only those 
which originated in certain products of inflammation in decompos- 
ing pus, in putrid urine, in decomposing-tissue fluids, and there 
took up the ferment. This, it is true, is the most common form of 
micrococcus which occurs in hospitals, and especial energy is, 
therefore, called for to prevent their development in such institu- 
tions. How this is to be effected will be stated further on. 

Febrile reaction m eofUused wounds is generally more violent 
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than in incised wounds; this is^ according to our assumption, 
explained by the fact that, in consequence of the decomposition 
which takes place to a much greater extent in contused than in 
incised parts, more products of such decomposition find their way 
into the blood. If the phlogistic and putrid poison possess espe- 
cially intense qualities in a given case, or if an unusual quantity of 
it be taken up (particularly in diffused septic inflammations), then 
the fever assumes the character of the so-called putrid /ever ; the 
state of things brought about in this manner is called septamia ; 
we shall occupy ourselves therewith more fully later on. 

If the inflammatory process becomes progressively suppurative 
from the wound onwards, a correspondingly persistent inflammatory 
or suppurative fever will be kept up ; such a fever has the character 
of difebria remittens, or in more severe cases, of a febris coniinua 
remiUens, with very steep curves and occasional exacerbations, 
which are for the most part dependent upon progressions of the 
inflammation, or upon circumstances which facilitate the absorption 
of pus. If we speak of the fever which frequently accompanies the 
circumscribed traumatic inflammation, or perhaps mt^t alwaj/s 
accompany itj as simple wound-fever, we may call the later occurring 
fever ^'secondary fever/' or *' suppuration-fever J' Such a fever may 
become associated immediately with the wound-fever, if the inflam- 
matory process become at once progressive ; but the wound-fever 
may have ceased entirely, the wound may have begun to heal, and if 
secondary inflammations such as we have just discussed in detail 
now attack the wound, fresh suppuration-fever is always combined 
with these; in short, inflammation and fever here always run 
parallel to each other. The fever, it is true, sometimes appears to 
precede the secondary inflammation, but this often results therefrom 
that the first and perhaps extremely slight changes in the wound 
have escaped observation. At all events, we must see the urgent 
necessity, on every fresh febrile movement which we observe in the 
patient, of searching for the inflammation-nest which may be the 
cause of it. Far be it from me to assert that it is necessary to mea- 
sure the temperature of all the wounded ; every surgeon experienced 
in the observation of patients will undoubtedly know how it stands 
with his patient without measuring the temperature, just as an expe- 
rienced physician can diagnose pneumonia without auscultation and 
percussion ; but, that taking the temperature is, under certain 
circumstances, a great aid in diagnosis and prognosis, no one doubts 
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who has acquired a fitting knowledge of the import of the t«a- 
peratore of tbe body. It stands therewith as with every other aid 
to observation ; it is not difficntt to detect duloess on percussion at 
a part of the cheat where it ought not to exist, hut to recognise the 
value of this dulness correctly in a given case is a thing that muat be 
learnt 1 the same holds good also for observations of the tern- 
peratnre ; we mast learn, for instance, to recognise whether a low 
temperature in tbe case before us means good or evil. 

Experiences teaches us that tccuiuhry/evers are frequently much 
more intense than the primary wound-fever ; while it very rarely in- 
deed happens that the wound-fever commences with rigors — slight 
shivering after great losses of blood and violent shocks is not 
usually accompanied by an increase of temperature — a secoudary 
fever by no means unfrequently commences with severe rigors. 
We will here eiamine more closely this peculiar phenomenon. 
Rigors have always been regarded as a symptom essentially depen- 
dent upon blood-poisoning ; if we now conceive of fever in general 
w a state of intoxication, we must seek for some special cause of 
rigors. Observation shows that the rigors of fever, which are 
always followed drat by beat and then by sweating, are always 
associated with a ver^ rapid rise of temperature, and if we examine 
by the thermometer the blood- temperature of a patient daring such 
rigors, we find that it is high and rises rapidly. The blood is driven 
out of the vessels of the surface into the internal oi^ans, and Traube, 
as already remarked, attributes to this the abnormal febrile rise of 
the temperature of the blood. We will leave this an open question 
for the present, but, in any case, there occurs so great a difference 
between the temperature of the air and that of the body that the 
patient experiences a feeling of cold. If you draw off the bed- 
clothes of a fever patient who is lying wrapped up in bed and does 
not feel cold, he will at once begin to shiver and tremble. A man 
has a kind of conscious feeUng for the state of equilibrium in 
which the temperature of his body stands to the temperature of the 
surrounding air ; if the latter be raised quickly he immediately feels 
more warmth, if it be lowered quickly he at once begins to shiver 
and tremble. This trival fact leads ns to a further observation ; 
this sensibility to warmth and cold, this conscious feeling of 
diOerences of temperature, differs greatly in individuals ; it may also 
be greatly increased or diminished by the mode of life ; some persons 
always feel too hot, others always too cold, while to others ■ 
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the temperature of the air is very mach a matter of indifference. 
The nervous system plays a great part here. More minute studies 
by Traube and Jochmann have^ in £act, shown that the nervous 
excitability of the individual contributes greatly thereto to determine 
whether^ with a rapid increase in the temperature of the bloody the 
change is felt very intensely or not^ that, therefore, in torpid indi- 
viduals or in comatose conditions, rigors do not so readily oocur 
in fever as they do in excitable persons already weak^ied by 
long-standing disease. I cannot do otherwise than confirm this 
from my own observations. 

Now if I am convinced in a general way that rapid increase of 
temperature accompanied by rigors occurs mostly where thero is a 
sufficient degree of irritability if a considerable quantity of pyrogenic 
material is introduced suddenly into the blood, I am by no means 
prepared to deny that the quality of such pyrogenic material alsa 
enters into the question. Of this quality we know nothing chemi- 
caUy, but we can assume differences in it therefrom that not only 
the febrile symptcHns but also their duration often differ so muA 
that this cannot depend solely upon differences of power of resist- 
ance in the patient. According to my observations, absorption ai 
pus and of perfectly fresh products of inflammation disposes much 
more to rigors than absorption of ichor, which otherwise acts much 
more dangerously and as a stronger poison. 

I do not wish to tire you with too many questions of this kind, 
and will, therefore, return to the subject in the section whidi 
refers to general incidental wound-diseases and diseases of inflam- 
mation, which you may regard as the continuation of these reflec- 
tions upon fever. I will only observe further that septic as well as 
suppurative primary and secondary inflammations may occur with 
incised wounds also, especially with greater operation-wounds, (after 
amputations and resections). If we have included the discussion 
of these conditions with contused wounds, this has been done 
because the latter much more frequently become complicated in the 
manner described than ordinary incised wounds. 

Let us now direct our attention to the treatment of contused 
wounds. 

A contused wound requires, in very many cases, no farther treat- 
ment than an incised wound ; the conditions for healing without 
artificial aid are present in both cases. All that is required in the 
case of a contused wound is to obviate from the first, if possible^ 
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incidental duaimging conditions, or at least so to control them that 
ihsy shall mot become dai^erous. We can do something in both 
respects. 

It has idways been assumed, and that correctly, that the air 
with its oxygen and its ferments very especially facilitates the 
decomposition of dead organic substances and therefore also of 
contused parts ; to act preventively in this respect means, to doee 
the wound against the m and, for the purpoee of avoiding warmth 
also as a promoter of decomposition, to place the injured part in a 
cold temperature. We attain both these objects simnltaneously if 
we place the injured paits in a vessel containing ocdd water, the 
temperature of whidi we can regulate by adding pieces of iee as 
required. This treatment is called ''immenion^' or the ''eoU 
continuous water-bath;" I first saw it cn^loyed with eiopjfcat 
results by my earliest sui^ical teacher Banm, in GettiBgen; it is 
only really applicable for the extremities, for the leg as far as the 
knee, for tiie arm somewhat above the elbow. A soitable arm- or 
foot-pan filled widi cold water is placed in the patient's bed and 
the injured extremity is left constantly day and night tfaerein. 
The patient must be placed in such a position that he can lie qoiie 
comfortably, and that the limb is nowhere pressed opon by the 
edge of the pan ; this is easily done, and fon may see §qA appa- 
ratuses in my dinique. For injuries of tiie hand, which ate the 
most frequent, a mug with oold water suffices in private practice* 

For parts which we cannot keep in this simple way in cold 
water, we seek to prevent the access of atmospheric air br pottiog 
on moist linen compresses, which may easily be adapted to the 
injured part ; upon these is placed an india-rubber bag, (or in place 
of this a pig's bladder), filled with ice, which is to be renewed as 
the ice melts. It is still more effectual (opaurk a lim/j eompleUly 
in ice in a pan, after wrapping it up in thick folds of lin/^. A 
third method of applying cold water is the so-called irrigation. 
For this, special apparatuses are required ; the injorf^d extremity is 
placed in a tin trough which has an escape pipe. Above the Hmb 
an apparatus is fixed from which cold water drops continooui«Iy from 
a moderate height upon it. LaMly, we may simply r;/iv#^ the 
wound from time to time with fresh compresses which have w;«n 
dipped into iced water. 

I have become familiar mith all these modes of treatment in 
practice ; not one of them acts with certainty propbylactically m 
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my opinion; in contused wounds of the han<Is and feet, tlie water- 
bath is the most effectual, since extensive aftfr-auppu rations 
rarely occur with it. If we would obtain the same favorabU 
results with the ice treatment, we must cover not only the wound 
but also the whole neighbourhood of it with ice bladders, i. i», pack 
it in ice. With the use of cold compreasea we shall only produce 
sufGcient cold effect by renewing them every five minutes, for they 
become warm very quickly, and the usual treatment with cold 
applications means but little more than keeping the surface of 
the wound moist ; this is, therefore, strictly speaking, not a special 
mode of treatment, but the majority of small contused wounds heal 
spontaneously in this way, as I have already remarked, without 
being brought by cold under unnatural conditions. Irrigation is 
not a bad mode of treatment, but very troublesome, and it is fre- 
quently very difficult to prevent the bed from becoming wet with 
it; the behaviour of the wound does not differ in its furUier course 
from that with the more simple immersion, oc ice treatment, so that 
I have not taken occasion to occupy myself further with irrigation. 
In France this method is employed by many Paris surgeons and 
held in great esteem. 

I have still some special observations to make concerning the 
water-bath, since we are leaving entirely out of the question here 
wounds of bones and joints. I know of no contra -indication for con- 
tused wounds of the hand, forearm, foot, or leg ; in the majority of 
cases the heemorrbage is so slight in these injuries, and so soon 
ceases of itself, that the patient may very soon, often immediately 
after the injury, immerse the limb in cold water without there being 
any danger that hiemorrhage will occur ; but the blood adhering to 
the injured part must be removed previously, the water itself be 
perfectly clear and transparent, and if it become turbid from the 
wound secretions must be kept clear by being changed frequently. 
Also if the injury be of two or even three days' standing, the water 
I may still be employed with advantage ; after this it is of 
little use. If the patients lie conveniently in bed with the pans, 
they are more content and freer from pain with this treatment Uinn 
with any other. As regards the temperature of the water, it may 
vary greatly without producing any considerable change in thu 
state of the wound ; only the ice temperature and the very high 
temperatures attainable with poultices produce a somewhat dif- 
ferent appearance of the wound. With temperatures from 54"s'' 
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^i'7^ and 9i>'5° the wound presents no difference of appear- 
; perhaps at the higher temperatures suppuration is set up 
mewAai more rapidly, but the difference is certainly very slight. 
Ifollows from tiiis that we may adapt the temperature to the wish 
t the patient. On na average, patients at tirst prefer a cooler 
temperature (54'5° to 6675^), later on a warmer one {87-5° to 
95"), but there are patients who complain of shiverings on the first 
day if the temperature of the water sink below 66- 75". We see 
from this that it is not of much importance whetlier we employ the 
so-called tcaria or colil water-bath. In some individuals an incon- 
venience arises on the third or fourth day which renders immersion 
unbearable to a few of them, viz. the strong swelling of the epi- 
dermis of the hand or foot, and the sensations of tension and burn- 
ing which accompany it and somewhat resemble the effect of a 
blister ; the thicker and more callous the epidermis was, the greater 
this inconvenience becomes, but it may be prevented by rubbing 
the injured hand with oil before placing it in the water, and by 
throwing into the water a handful of salt, which does no harm to 
the wound. 

One important question is: how long shall the continuous 
immersion be employed? Only by the aid of a preity extensive 
experience can one lay down rules for this. I have found that 
from eight to twelve days of continuous immersion suffice. After 
that time the limb is no longer kept in the water during the 
night) but is wrapped in a wet cloth, over which oiled silk is placed 
and kept in position ; a few days later, this latter treatment 
suffices also during the day, while the water-bath is used morning 
and evening, or in the morning only, that the wound may be bathed 
and cleansed for half an hour or an hour. Finally, we discard the 
water altogether and treat the granulating, cicatrising wound 
according to the simple rules already laid down. 

The changes which take place with this treatment of the wound 
differ somewhat from those described previously ; in the first place, 
everything goes on much more slowly ; it sometimes hajipens, 

ipcciaJly with the cold water-bath treatment, that the contused 
sund looks as fresh after four or five days as if it had been made 
lite recently ; we observe the same thing also for a considerable 
be with the treatment with bags of ice. 'Ibis is not so r»mark- 
de as it at first appears, since eipcrience has shown that th(t 
IcompositioD of organic matter proceeds more slowly in deep 
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water than in the air. Later on^ the pus usuallj remains lying as 
a fiaky^ semi-coagulated layer upon the wound and must be washed 
or syringed off that we may see the granulations beneath it^ which 
are often watery and rather pale. This examination is of great 
importance and saves us from illusions concerning the efficacy of 
the water-bath in cases of suppuration in deep cavities^ for we 
might think that the pus would flow from the wound directly into 
the water and become diffused in it^ so that it would only be 
necessary to place the suppurating part in the water to keep it 
clean. The water-bath does not favour the escape of the pus at all, 
is, in fact, preve7itive of it ; the pus formed on the granulating 
surface or in the cavity coagulates at once in contact with the 
water and remains^ for the most part^ lying in the wound ; washing 
or syringing is required for its removal ; by the swelling of the 
granulations the escape of the pus from the deeper parts of the 
cavity is rendered altogether impossible. It follows from this that 
in cases with suppurating cavities the water-bath is of no value 
whatever^ but rather does harm^ and that a limb with a contused 
wound must be taken out of the water as soon as deep, progressive 
suppurations commence from the wound, but a temporary foot- or 
arm-bath for half an hour is not interdicted. If no progressive 
processes of suppuration are set up, and we leave the wounds two, 
three, or four weeks in the water, no especial harm will result* 
therefrom, but the healing process will be very much protracted ; 
the parts continue much swollen in the water, the granulations are 
watery (rendered oedematous artificially) and pale, while the 
cicatrisation and contraction of the wound does not commence. If 
you now take the limb out of the water the wound soon contracts, 
in a few days the granulating process appears stronger, the pus 
more healthy, and the healing process advances. 

I must now say a few words concerning the continuous ice 
treatment I will assume that you have covered the contused 
wound at once with bags of ice. Here also you will find that the 
throwing off of the contused parts goes on very slowly and that no 
bad smell becomes developed in the wounds, unless large portions 
of tissue should become gangrenous. To prevent stench altogether, 
if possible, I first place upon the wound lint steeped in chlorine 
water and renew it frequently. If we continue this treatment for 
four or six weeks, all the necessary processes in the wound will go 
on slowly and sluggishly ; in like manner also the cicatrisation and 



INCISIONS, COUNTBE-OPBNINGS. — DRAINAGE. 227 

contraction of the wound occurs very slowly under the influence of 
the ice^ and this method will^ therefore^ be unsuitable wherever it 
is desired to expedite the definitive healing process. Most surgeons 
are of opinion that^ by placing bags of ice upon the fresh wound^ 
we can prevent violent inflammations. You will therefore flnd that^ 
in the majority of contused wounds^ ice is at once placed upon 
them. This is sometimes very acceptable to the patient because it 
relieves pain^ but its prophylactically antiphlogistic efiPect is^ in my 
opinion^ very slight. Eor centuries already men have sought for 
such a remedy^ as well as for a prophylactic in inflammations of 
internal organs. By the application of ice to fresh wounds we can 
neither prevent entirely ichoro-serous infiltration nor suppurative 
inflammations ; such^ at leasts is my opinion ! Many believe^ as 
already remarked^ in the prophylactic effect of ice, and are con- 
vinced that with this means alone they can save persons severely 
wounded. I have become convinced that the dangerous incidents 
affecting wounds not unfrequently occur in spite of ice and are 
often absent when ice is not used^ although the nature of the 
injury would lead us to expect them. 

We can by no means always succeed, with the aid of cold, in 
preventing the extension of the suppurations proceeding from 
wounds; sometimes the cedematous skin becomes more and more 
red and painful, and if you make pressure upon it, there flows slug- 
gishly from some comers of the wound pus which is often thin and 
serous, but sometimes also tolerably consistent. Under such cir- 
cumstances, an escape must be provided for the retained pus^ 
especially if it be ill-smelling or ichorous, so that it may come away 
easily, and for this purpose it is often necessary to make pretty deep 
incisions in the soft parts, and to keep them open. When this must 
be done, how we can best set about it in individual cases, and where 
incisions must be made, all this you must observe and learn in the 
clinique. For sounding such suppurating cavities I prefer a 
slightly bent silver catheter, which I introduce from the wound to 
the bottom of the suppuration-canal, then press the point from 
below against the -skin and there make the incision. For the 
extension of these so-called counter-openings, as well as of other 
wounds, a knife is used which is pretty long, straight or bent, and 
provided with a knob at the point {Pottos knife). These counter- 
openings should, in general, not exceed o"8 inch in length, but 
when necessary, several of this length may be made; it is not 
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advisable^ without urgent cause^ to lay open the soft parts of the 
whole forearm or leg longitudinally^ as was taught formerly^ because 
the skin afterwards contracts so much that the healing of the 
wounds eventually requires an unusually long time. To prevent 
the new openings from closing up again quickly^ which however 
seldom happens, you may draw a number of silk threads through 
the suppuration-canals, tie them together and leave them for a short 
time. Instead of these setons of silk threads or strips of linen, 
drainage-tubes of india rubber have been used recently, as mentioned 
above. When making such counter-openings, you will not unfre- 
quently meet with dead tendons, or shreds of fascia, or foreign 
bodies. These must be removed. 

Many of our former colleagues would have shaken their heads 
dubiously if they had heard that we had spoken so much at length 
of the treatment of contused wounds and secondary inflammations 
without saying anything about poultices. Tempora mutaniur! 
formerly, poultices belonged as certainly to suppuration wounds as 
a lid to a box, and now 1 years have passed in my wards in which 
poultice cakes have not once been applied to their original purpose I 
Ihe employment of moist warmth, whether in the form of poultices, 
or of thick cloths steeped in warm water, is incapable of arresting 
the progress of suppurations in the cellular tissue ; with long con- 
tinued use of moist warmth, granulations assume a flabby appear- 
ance, the soft parts swell greatly, and the healing process is not 
promoted* Moreover, poultices can only act energetically as moist 
warmth when they are renewed frequently j the employment of them 
ia troublesome; they readily become sour, and sometimes they are 
burnt, and the whole mess cannot be properly looked after in a hos- 
pital ; one poultice, covered with pus, is taken off^, fresh pulp is put 
in and often immediately used for another patient. In many hos- 
pifcalsy at least one half of the surgical patients have poultices; 
hundredweights of the various poultice-materials are consumed 
every month in the surgical wards. In my division they are almost 
entirely bamshed ; I will give you, at the right moment^ the cases 
in which we may still use them with advantage. 

Little, therefore, as I can recommend the use of moist warmth as 
an ordinary mode of treatment of wounds, I still regard it as very 
suitable in all those forms in which an extensive, hard (fibrino- 
diphtheritic) infiltration of the cellular tissue exists. In these cases 
the moist warmth is not only agreeable to the patient, because it 
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tders the tenae skiu soft and pliable, but it also appean to &ma 

e resolution of the coagul&ted products of infiunmatioD, dtfaer 
because they inay become absorbed, or because thej most be thrown 
off with the uccrotic tissues with copious suppuration. I employ, 
in aucb case^, wrapping up in warm, moist cloths, orer which a 
waterproof covering is placed. 

I hiive not snid anything of the necessity of abioluU reit for any 
injured part of tbi: body ; it way appear extraordinary to you that 
I should speak of this at all, as it would seem to be a matter of 
course. I attach very especial importance to it, for since delete- 
rious substances may be taken up from the wound into the blood, 
every muscular movfmeut in itself, as well as every congestion in 
the wound occasioned thereby, in short, everything which gives an 
impetus to the stream of the blood and lymph in the neighbourhood 
of the wound, miiy eventuully prove detrimental. 

Further, the raised position for the iujured part is also not to be 
neglected when it is practicable. Tiiat gravitation plays an impor- 
tant part in the movement of the blood is easily proved ; let one of 
your arms hang down loosely by your side, without any muscular 
tension, fur about five minutes, and you will feel a distinct sense of 
weight in the hand, while the veins on the back of the hand will be 
seen to be much swelled ; if, on the contrary, you keep the arm for 
some time raised m the air, the hand will become pale and thinner. 
So long as weakly persona remain in bed in a horizontal position, 
they will appear, for instance, much fuller in the face than if they 
had held the head upright daring the day. For inllammations of 
the hand, Volkmann has recently recommended very strongly verti- 
cal suspension of the arm as n powerful uutipblogisticum ; 1 also 
have employed this method in consequence thereof, and found it 
very eilicacious in cases of inllammations of the skin, but for deep- 
seated inflammations of the wrist-joint it appears less useful. 

I Perhaps, in the future, the water-bath, the ice treatment, and 
mtices will fall more and more into the background iii presence 
tile open treulmeut of wounds, from which I have seen very good, 
nits in contused wounds as well as in incised wounds with 
fitica, and in presence of the Lister method of treating wounds, 
nt which nil those are enthusiastic who have had frequent oppor- 
ritiea of cmployiug it for contused wounds. The so-much 
dreaded access of air to the surface of a wound, even of the air in 
ill-ventilated hospital wards, is not, in my opinion, so deleterioog 
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as dressings and sponges of doubtful cleanness. The assertion that 
air is detrimental to suppurating wounds rests mainly upon the 
observation that the access of air to the cavities of abscesses with 
rigid walls and to serous sacs generally causes an increase of the 
^suppuration. Apart therefrom that in many of these cases it is by 
no means proved that it is always precisely the access of air which 
causes an exacerbation of the process of inflammation, the circum- 
43tance especially in fault is, that the air in suppurating cavities is 
warmed by the temperature of the body and charged with watery 
vapour from the pus. This confined air now becomes a regular 
breeding place for those minute organisms with the increase of 
which decomposition-ferment so rapidly increases, and which are, 
indeed, always contained in greater or less number in the air. 
Every observant housewife knows that pieces of meat hanging in a 
draught of air keep better than pieces of meat put into a cupboard 
And covered, even if the air in the latter is kept cool by ice. Air 
moving freely and becoming changed causes no iuflammation in 
wounds ; confined air is, no doubt, very dangerous. That a wound 
treated ^(?i9} the first by the open method has no bad smell, unless 
larger shreds become gangrenous in it, I have stated already ; that 
is also the reason why flies do not make use of these open wounds 
for depositing their eggs upon them, while they readily creep into 
the^ dressing for that purpose. I must confess that I was very 
agreeably surprised by these observations, because I feared that the 
flies would render the open treatment of wounds in summer impos- 
sible. The longer I carry out the open treatment of wounds the 
more satisfied I am with it ; you will yourselves have opportunities 
for convincing yourselves of this in my clinique. No method of 
treatment of wounds furnishes an absolute guarantee against inci- 
dental wound-diseases; each method must be studied. Thus, in 
the open treatment of wounds, superficial adhesions of individual 
wound-pockets may take place, in which decompositions of secre- 
tion (develop themselves ; we must know how to recognise such 
conditions early and to obviate them. 

Many surgeons now strongly advocate the method of the occlu- 
sion of wounds by thoroughly disinfected dressings and early intro- 
duction of drainage tubes to carry off the wound secretions, and by 
the application of antiseptic dressing-materials after the methodical 
instructions of Lister. 

It is asserted that by this method an equally mild course is 
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liued S3 in subcutaQcous contused wounds, that the dead shreds 
issue do not become decompoMd, but shrink up without stench 
are throwu otf with verjr little suppuration, that the elota of 
id cither become organised directlr, or pass out of the wound in 
form of inodorous, grey fragments, that acute septic, or pro- 
suppurative infiammations never occur with it, and that 
severe, incidental wound- diseases, of whicli we shall speak later 
never become developed with it. I cannot do otherwise than 
imniend strongly to you the employment of this method. 
nerallj speaking, I recommend jou as well for the period of 
studies as for your future practice to study and observe 
thoroughly o»e of the methods of treatment recommended to you, 
to master onti thoroughly, and not to allow yourselves to become 
tttlcd in your principles of treatment without strong cause, or to 
led into too frequent change by every new fashion. 
>s re^rds the treatment of secondary inilammations, a careful 
tpbylaxis is lirst of all to be recommended ; avoidance of con- 
gestive states of the wound, of taking cold, of all mechanical or 
chemical irritation, and above all, careful avoidance of iufcction. 
What can be effected in the latter respect by ventilation and the 
proper use of disposable spaces in a hospital will be spoken of later 
on when we deal with incidental wound-diseases in generaL For 
avoiding local infection of the wound by dressing-materials or in- 
struments, the following must be borne in mind. We must be very 
careful about the dressing, the cleansing of the wound, and the 
choice of compresses, lint, aud wadding ; in this I can put up with 
any amount of pedantry ; wc must see to the greatest cleanliness in 
the mattresses, straw-bags, bed-clothes, oiled silk, in short, every- 
about tbe patient. The bleeding of the wonnd while the 
ig is being applied is easily avoided by tbe new methods in 
We sprinkle all tbe parts of the dressing- mate rial with a 
ition of chloride of lime, carbolic acid, or other antiseptics; for 
the removal of pus, sponges should never be used, nor, in 
operations, more than can be avoided ; cleansing should be etfected 
by syringing, or with wadding sprinkled with antiseptic solutions. 
If we are compelled to use sponges, we should take new ones and 
disinfect them at once with hypcrmanganatc of potash or carbolic 
acid. In the chlorine water (equal parts of aqua chlori and water), 
or in tbe solution of chloride of lime (lo parts of chloride of lime 
dissolved in 500 parts of water and filtered), no organic bodies 
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subsist permanentlj at the ordinary temperature of a room^ any 
more than in alcohol^ lead-watee, the solution of acetate of alumina 
(alum 20 parts^ acetate of lead 35 parts^ water 400 parts^ filter^ 
according to Burow sen.)^ in salts of sulphuric acid (sulphate of 
soda 50 parts, glycerine 250 parts, water 450 parts), or the 
stronger solutions of hypermanganate of potash. Lister recom* 
mends carbolic acid as an especially efficacious antiseptic ; it may 
be diluted with oil (5 per cent.), with glycerine or water (from 
I to 5 per cent.), and the carbolic oil may be made into a paste 
with scraped chalk, then spread upon tin-foil and the wound shut 
oflf from the air therewith. " Deodorising powder,^' i. e. coal tar 
mixed with sulphate of lime (gypsum bituminatum) strewed dry 
upon ichorous wounds, is a very useful preparation for wounds that 
are not too deep. 

You must pay especial attention to the cleanliness of the instru- 
ments with which you touch the wounds, to the sounds, forceps, 
knives, scissors ; everything must be wiped before the operation, or 
if suspicious, rubbed with cleansing powder. It requires the full, 
internal conviction of the necessity of all these precautions to induce 
us to take them. Lister's method gives distinct, detailed instruc* 
tions on all these points. 

If, in spite of every precaution, decomposition, gangrene, or 
phlegmonous inflammation occur in contused wounds, or in their 
vicinity, we must abandon the dressing with the protective imme- 
diately upon the wound. We must enlarge all the wound and pus 
cavities, and fill them up with pads of lint or wadding which have 
been steeped in a strong, antiseptic solution. After many experi- 
ments I always return to the use of acetate of alumina; it acts very 
energetically for drying up and deodorising, without replacing the 
ichorous smell by another equally disagreeable. It is true that the 
dirty blackish-grey colour which results from the formation of sul- 
phuret of lead from the sulphuretted hydrogen of the ichorous pus 
and the lead contained in the antiseptic solution is an unpleasant 
but harmless concomitant. Until the acetate of alumina has 
thoroughly penetrated the mortified shreds of tissue, the dressing 
must be changed frequently, or the solution of the acetate poured 
every two hours upon the lint lying in the wound. When the 
wound begins to cleanse itself, dressing once a day suffices : upon 
simple, granulating wounds the acetate of alumina has too drying 
an effect and also causes irritation and pain. We then pass on to 
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diessinga with the protective, aud finally to dressings with simple 
ointment. After the acetate of aluminaj solutions of chloride of 
lime act most powerfully, but since their antiseptic effect depends 
apon the development of chlorine alone, it is temporary only, and 
these dressings must be changed frequently to effect good deodo- 
rising or disinfecting results. 

Glycerine is a very good disinfectant and acts extremely well if 
poured freely upon the dressing every two hours. If applied to 
wounds in large quantity from the first, it extracts so much water 
from the necrosed shreds of tissue that no foul smell arises; if 
decomposition has already set in, it acts very slowly as a deodoriser ; 
after three or four days' free application, wounds often become bo 
red and sensitive that the use of it must be stopped. Solutions of 
chloride of zinc are also recommended for washing out ichorous 
cavities ; I have often found the superScIal cauterising action to be 
very transient. Concentrated solutions of carbolic acid in oil or 
water (5 per cent, and more), frequently have a very acute, alarming, 
poisonous effect vvhen applied to large surfaces, and arc not so effi- 
cacious as acetate of alumina for deodorising and drying up 
necrosed tissue. I have had no experience of the antiseptic value 
of the salicylic acid recommended bj Kolbe and Thiersch, or of the 
sulphate of soda so highly spoken of by Polli and Minnich. 

Are wc to prescribe for our patients in such cases anything 
beyond cooling drinks and medicines, regulation of the diet, &c. ? 
The remitting fever not unfrequenlly accompanying such suppura- 
tions makes the patient languid, low-spirited, aud often sleepless. 
Two remedies are here suitable : quinine and opiates — quinine as 
tonic and febrifuge, opium, and particularly morphia, as narcotic, 
especially in the evening, to procure rest during the night. I 
Tuaally adopt the following plan with such patients. So long as 
there is little or no fever with progressive suppurations, I give 
nothing ; if there is much fever towards the evening, I give in 1 
solution or powder during the afternooii, one or more doses ofj 
quinine (about 4^ grains to the dose), and at bedtime gr. ' 
.,';,tlis — ,"„lb8of muriate of morphia or gr. i-J-th of opium. Assoon ' 
as the fever ceases 1 omit these remedies. You should be espe- 
cially sparing of the opium when it ia not required, because it 
occasion^ consti[)ation. 

Yet a few words now concerning lacerated wound*. These arc 
{[eserally of less serious import than contused wounds, and that 
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because they are, for the most part, more observable, and we have 
no reason to fear that the injury extends deeper than we can recog- 
nise ; we see how far and where the skin, mascles, nerves, and ves- 
sels are torn. Healing by the first intention may be tried and not 
unfrequently succeeds, while the edges of the wound are often 
viable ; suppuration will, it is true, generally occur. But stop ! not 
always are the lacerations exposed to view ; there arc also subcuta- 
neous ruptures of muscles, tendons, and even of bones, although 
there has been no contusion. Some one wishes to jump over a 
ditch and takes the necessary run, but fails to get over, falls, feels 
severe pain in one leg, and limps with it. We examine him and 
find immediately above the tuberositas calcanei a hollow into which 
a thumb may be placed, the movements of the foot are imperfect, 
especially extension. What has happened ? Through the violent 
muscular action the tendo Achillis has been torn away from the 
calcaneus. Something similar occurs with the tendon of the 
quadriceps femoris at its attachment to the patella, with the patella 
itself, which may be torn through in the middle, with the liga- 
mentum patellse, with the triceps brachii, which becomes torn away 
from the olecranon, and generally takes with it a piece of the latter. 
These are some examples of the subcutaneous rupture of tendons; 
I have seen subcutaneous rupture of the rectus abdominis muscle, 
vastus externus cruris, and other muscles. 

Sifnple subcutaneous ruptures of muscles are not serious injuries; 
they are easily recognised by the disturbance of function and by 
the visible and still more palpable hollow which shows itself at once 
but afterwards becomes masked by the extravasation of blood. 
The treatment is simple : rest for the parts, which must be placed 
in such a position that the ruptured ends may be brought into con- 
tact by relaxation of the muscle, cold compresses, applications of 
solution of lead for some days ; after eight or ten days the patients 
can generally get up again without pain. A band of connective 
tissue is formed at first, which soon becomes so thickened by short- 
ening and shrinking that a firm, tendinous cicatrix is formed ; the 
course is exactly the same as after the subcutaneous division of 
tendons, of which I shall speak later on in the chapter upon 
contractions. 

Disturbance of function rarely results to any considerable extent^ 
but there is sometimes a slight weakness in the limb and loss of the 
more delicate movements, especially in the hand. 
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To cause subcataneous ruptures of muscles and tendons of this 
kind by crushing^ powerful crushing forces would be required ; such 
a contusion would probably run an unfavorable course ; extensive 
suppurations and necrosis of the tendons might well be looked for. 
You see in this case also how different may be the course in inju- 
ries apparently similar^ according to the manner in which they have 
been occasioned. In injuries by machinery there is often such a 
strange combination of contusion^ twisting^ and laceration^ that a 
prognosis of the course of such cases is often very di|&cult even for a 
surgeon of great experience. Especially worthy of mention is the 
generally favorable course when smaller or even larger members are 
torn out^ as e. g.^ the hand. I have seen two cases of tearing out 
of fingers^ one of which I will describe to you shortly : — A bricklayer 
was working upon a scaffolding and suddenly felt it fall from under 
him ; from the roof of the house against which the scaffolding had 
stood hung down a loop of rope ; the falling man caught hold of 
this^ but only succeeded in seizing it within the loop with the middle 
finger of the right hand ; he hung thus for a moment and then fell 
to the ground^ but fortunately the distance was so short that he did 
not sustain any injury therefrom. He had lost the middle finger of 
the right hand, however, which had been torn out between the first 
phalanx and metacarpal bone, and left hanging in the rope. 
Attached to the finger were found the tendons of the two flexor and 
of the extensor muscles. The man dried the finger and tendons and 
afterwards carried it in his purse as a memento of the event. I saw 
a perfectly similar case in the clinique at Zurich (fig. 46). The 
healing process went on without any serious inflammation of the 
forearm, and did not really require any artificial help. I also saw 
two cases of evulsion of the hand in Zurich; in one of these 
sufficient skin was left to admit of spontaneous healing, in the 
other amputation of the forearm was necessary. Both cases termi- 
nated favorably. 

It sometimes happens in war that arms and legs are torn away at 
the joints by large cannon-balls. I have also seen a case in a boy 
of fourteen in which the right arm was so completely torn away from 
the chest with the scapula and clavicle that it was only attached at 
the shoulder-joint by a bridge of skin two inches broad (fig. 48). 
The axillary artery did not give a drop of blood ; the extremity was 
closed by torsion (fig. 47). The poor boy died soon after the 
injury. Evulsions of whole extremities are generally soon fatal; a 
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considerable number escape, however. A pupil of mine, Dr. 
Pemitza, railway surgeon in Vienna, recently showed me a powerful 
young man who had had the whole of one arm torn ofiP with 
the clavicle but without the scapula ; the healing process went on 
uninterruptedly. 



LECTURE XIV. 
CHAPTER V. 

ON SIMPLE FRACTURES OF BONES. 

Cdfitusioji and Concussion of Bones y various kinds of Fractures.'-^ 
Symptoms y method of diagnosis. — Course and phenomena recog* 
nisable exteriorly. — Anatomical character of healing process 
and callus formation. — Sources of the in^ammatory process of 
ossification, histology. 

Gentlemen, — We have hitherto occupied ourselves exclusively 
with injuries of the soft parts ; it is time for us to pay some atten- 
tion to the bones. You wiU find that the processes which nature 
estabhshes to attain here also, as far as possible, the restitutio ad 
integrum, are essentially the same as those with which you are 
already familiar. The circumstances are, however, more com- 
plicated, and can only become intelligible if we already fully under- 
stand the healing processes in the soft parts. Every layman knows, 
in a general way, that bones may be broken and become healed quite 
solidly ; this can only happen by the aid of bony matter, as you can 
easily recognise a priori, and hence it follows, further, that bony 
tissue must be formed anew therefor; the cicatrix in the bone 
generally consists of hone : a very important fact, for if it were not 
so, if the fractured end only became united by connective-tissue, 
then would the long cylindrical bones especially not become firm 
enough to support the body, aud many persons would continue to be 
cripples for the rest of their lives in consequence of the simplest 
fractures. But before we follow the processes of the healing of 
bone into their minutest details — a study always prosecuted with 
great interest by surgeons — ^I must point out to you many things 
concerning the causes and symptoms of simple fractures of bone ; 
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I say ^^ of maple or gubcuianeous fracture of hone^* as con- 
trasted with fractures complicated with wounds of the soft parts. 

Man may come into the world with bones already broken ; the 
bones of the foetus may break in the womb either from abnormal 
contractions of the womb itself, or from blows or pushes during 
pregnancy, and such an intra-uterine fracture generally heals with 
considerable dislocation ; the t^ inedicatrix naturce is, as we shall 
also see on other occasions, more skilled in internal medicine than 
in surgery. Fractures of bone may naturally also occur at any age, 
but they are most frequent from twenty-five to sixty years of age, and 
that for the following reasons. The bones of children are still pliable 
and therefore do not break so easily ; if a child falls, it does not fall 
heavily. Old people have, as it is expressed in ordinary language, 
brittle, friable bones, i. e,, anatomically speaking, at an advanced 
age the medullary canal becomes wider, the cortical substance 
thinner ; but old people are seldom in danger of having their bones 
broken, because they are prevented by their want of strength from 
doing heavy or dangerous work. The age at which working men 
are compelled to undertake hard work is the period during which 
there is most frequent opportunity for injuries generally and espe- 
cially for fractures. That fractures of bone occur so much less fre- 
quently in women than in men has its cause in the nature of the 
occupations of the two sexes, as it is easy to understand. 

It likewise depends upon purely external circumstances that the 
long cylindrical bones of the extremities, especially those of the 
right side, break more frequently than the bones of the trunk. 
That diseased bones and such as are weak in themselves should 
break more easily than healthy bones is a matter of course ; certain 
diseases of bones dispose to fracture, therefore, especially tlie so- 
called '^ English disease or rickets/' which depends upon deficient 
deposition of salts of lime in the growing bones and occurs in 
children only ; further, softening of the bones or " osteomalacia,'* 
which results from abnormal widening of the medullary canal and 
thinning of the cortical substance and which, when highly deve- 
loi)ed, is accompanied by perfect softness and' pliability of the 
bones. 

The two following are more special causes of fractures of bone : 

I . External violence, the most frequent cause ; the action may 
differ as follows : the force, e, ^., a blow or thrust, affects the bone 
in such a manner that the latter is crushed or split exactly at the 
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point of impact; here the force has caused the fracture directly ; or 
the bone> especially if it be a cylindrical one^ is bent beyond what 
its elasticity admits of, and breaks like a stick which is bent too 
much; here the force acted indirectly only upon the point of frac- 
ture. With the latter mechanism you may put in the place of tiie 
single cylindrical bone an entire extremity, or the vertebral column 
as a whole, regarding them as flexible to a certain extent, and cany 
over thereto the conception of the indirect effect of the force. 

Let us take a few instances of this : if a heavy weight fall upon 
the forearm when at rest, the radius and ulna are broken by direct 
force; if a man fall upon his shoulder and his clavicle be broken 
obliquely at its middle, this fracture is caused by indirect force. 
In both these forms of injuiy there is generally contusion of the 
soft parts; in the latter case, however, more or less distant from 
the point of fracture, in the former, at the point of fracture itself, 
which is, of course, to be regarded as somewhat more unfavorable. 

In a case of powerful direct action of force upon a bone it does 
not always follow that a fracture will be produced; it is in itself 
evident that a long series of injuries must exist, from contusion of 
the periosteum to complete crushing of the bone. Now, the 
periosteum was perhaps strongly crushed, or the bone was, at the 
time of the accident, also somewhat compressed, but recovered by 
its elasticity the normal shape, while the bony tissue was nowhere 
broken into. The medulla may here have been greatly contused. 
Lastly, slight injuries may have occurred to the spongy portion 
which are not always set right entirely, although the form of the 
cortical substance is not visibly changed. All these direct injuries 
to bones caused by strongly compressing forces are included under 
the name of confusion of bones. Concussion of a hone may be 
occasioned as well by direct as indirect force, and have as con- 
sequences lacerations of the medulla with extravasations of blood. 
Fain and disturbances of function will be more severe after these 
injuries than after injuries to the soft parts ; a certain diagnosis of 
the degree of the force-effect can often be formed only from the 
further course of things. Concussions of bone with contusions, 
especially, ^.^., a fall upon the great trochanter, are often followed 
by loDg-continuing ostitis, which does not, indeed, often terminate 
in suppuration, but in the formation of osteophytes, sclerosis, and, 
in persons of advanced age, long-continued, sometimes permanent 
disturbance of function. 
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2» Muscular contraction tmlj, although under rare drcumatanees, 
be the cause of fracture: as I pointed out to 70a already in 
connection with subcutaneous laceration of muscles, the patella, tiie 
olecranon, or a part of the calcaneus may be broken off by 
muscular contraction. 

The manner in which bones break in these different applicaticms 
of force is very varied, but some types exist with which you must 
become acquainted : firstly we may distinguish between incomplete 
and complete fractures. Amongst the incomplete fractures ^ain 
we observe different forms : fissures, t. e. cracks, tears ; these are 
most frequent in the fiat bones, but are also met with in the 
cylindrical bones, especially as longitudinal fissures in connection 
with other fractures ; the fissures may gape or appear like a simple 
crack in a glass. Infraction, or crooking, is a partial fracture, 
which generally occurs only in the very elastic, soft, and especially 
rachitic bones of children; you may most easily imitate this fcnrm 
by bending the shaft of a quill until the concave side of it gives 
way ; in the clavicle also such partial fractures are not uncommon 
in children. What is understood by chipping off is also evident; 
knives belonging to machinery, sabre-cuts, &c., are the most 
frequent causes thereof. Lastly, the bone may be perforated 
although its continuity is not interrupted, as in a wound with a 
pointed instrument through the scapula, or a clean shot through the 
head of the humerus ; the latter form of injury is usually called a 
perforated fracture. 

In the case of complete fractures we speak of transverse fractures^ 
oblique fractures, longitudinal fractures, serrated fractures, simple 
and multiple fractures of the same bone, and comminuted fractures : 
expressions which are all intelligible in themselves. Lastly, we 
must mention that in certain individuals, up to about the twentieth 
year, an interruption in the continuity of the cartilages of the 
epiphyses may occur, although this is very rare and the cylindrical 
bones much more readily break at another point. 

It is often easy to recognise whether a bone is broken, and the 
diagnosis can be made with certainty by laymen ; in other cases, 
the diagnosis may be very difficult, sometimes, indeed, we can only 
conclude upon the probability of a fracture. 

Let us go through the symptoms briefly one after the other. 

First of all accustom yourselves to begin by looking at every in- 
jured part closely and comparing it with the sound one; this is 

Q 
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especially important with the extremities. You may frequently 
recognise, by the mere observation of the injured extremity, what 
the injury is. You ask the patient how the injury occurred, caus- 
ing him, meanwhile, to be undressed carefully, or if this gives too 
much pain, having the clothes and boots cut off, so that you may 
flee the injured part plainly. The manner and force of the injury 
and the weight of the object which may have fallen upon the part 
will already give you an approximative idea of what you have to 
expect. If you find the extremity crooked, the thigh, for instance, 
bent convexly outwards and swollen, if livid spots show themselves 
at the same time beneath the skin, and the patient cannot move the 
limb without great pain, you may conclude with certainty that 
a fracture exists. You here require no further examination to 
establish the simple fact of the bony fracture and need not for that 
purpose put the patient to pain. But to ascertain the poailion and 
direction of the fracture, you must examine it with your hands. 
This is necessary less on account of the treatment to be adopted 
than to enable you to predict whether and how a cure may be 
effected. 

In such a case you have formed your diagnosis at a glance, and 
it will often be easy for you in surgical practice thus to ascertain 
the true state of things if you accustom yourselves to a thinking 
use of your eyes, and if you acquire a certain readiness in judging of 
the normal outlines of the body. You must, nevertheless, under- 
stand quite clearly how you have come to this rapid diagnosis. 
The first thing was the nature of the injury, plus the deformity ; 
the latter depends thereon that the two or more fragments of bone 
have got out of their right places. TAis dislocation of thefragmenta 
is the consequence, partly of the injury itself (the fragments are 
driven forwards in the direction communicated to them on the 
abnormal bending of the bone), partly of the muscular contraction 
which no longer acts upon the whole bone but upon a portion of it 
only ; the muscles are excited to contract partly by the pain of the 
accident itself, partly by the sharp ends of broken bone ; the upper 
broken end of the femur, for instance, is raised by the flexor 
muscles, the lower end drawn upwards by other muscles near or 
behind the upper broken end, and thus the thigh must appear 
shortened and deformed. 

The swelling results from the extravasation of blood (we are 
speaking here of a quite recent fracture) ; the blood comes espe- 
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dally from the medullary canal of the bone, but also from the 
contused vessels, or such vessels of the surrounding soft parts as 
have been torn by the sharp ends of broken bone; it looks bluish 
through the skin when it has reached its under surface, which takes 
place graduaUy. The patient, as ahready stated, cannot move the 
limb without pain ; the cause of this disturbance of Junction is self- 
evident. If you examine each of the above-mentioned symptoms 
in itself, not one of them alone, neither the manner of the injury, 
nor the deformity, nor the swelling, nor the extravasation of blood, 
nor the disturbance of function, gives singly the proof of a fracture, 
and yet the combination of them all is conclusive; you will fre- 
quently have to learn to diagnose them in practice. 

All these symptoms may, however, be wanting, and yet a fracture 
exist. If we have an injury and none of the above-named symptoms 
are well developed, or only one or the other o{ them is plainly 
visible, manual examination must be brought to our aid. What 
do you propose to discover with your hands ? Make yourselves 
quite clear on this point. How often have I seen young sur- 
geons manipulate the injured parts with both hands, causing the 
patient intense pain, and yet gain no information by the exa- 
mination. You may feel three things with your hands in fractures 
of bone : (i) abnormal mobility, the only, so to speak, pathogno- 
monic sign of a fracture ; with this you may very frequently recog- 
nise (2) the direction of the fracture, and sometimes whether there 
are more than two fragments ; (3) you will frequently feel a mbbiog 
and creaking between the fragments at every movement of them, the 
so-called '^ crepitation." To crepitate signifies, strictly speaking, 
to grate ; that is a sound, and yet we say we feel crepitation ; but 
you must not take offence at this, it is an abuse of the word, no 
doubt, but one which has been introduced so generally in practice 
that it can no longer be rectified, and every one knows what u to 
be understood by it. By means of a certain knack you may gene- 
rally find out in a moment all that can be ascertained by palpation, 
and need not, therefore, torture the patient long. Crepitation may 
be wanting altogether, or be very indistinct; it naturally r;xiiitN only 
when the fragments are moveable and pretty near ea/;h otb'rr ; if 
they are separated laterally to a considerable extent, or if tiwy ant 
drawn far asunder by muscular contraction, or much hUx}d Yitm 
between the broken ends, of course no crepitation can be felt, and in 
the case of bones much covered is often not easily prodmittl, If^ 
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therefore^ we fed no crepitation^ this does not prove, in opposition 
to the whole complexus of symptoms, that no fracture exists. Bui 
even if you feel crepitation you may still be deceived as to the origin 
thereof; a sensation of rubbing may also be produced on other 
occa^ons ; under certain circumstances, for instance, the crushing 
of blood-clots and fibrinous exudations may cause a sensation of 
crepitation ; but, with moderate practice in examination, you ought 
not to and will not confound this soft form of crepitation, which ia 
analogous to the friction sound of pleurisy, with crepitation of bone; 
I will remind you, when occasion serves, of other forms of soft fric- 
tion sound which occur, especially in the shoulder-joint in children 
and older subjects. 

For an experienced surgeon violent pain confined to a particular 
spot in certain fractures may suffice for the formation of a correct 
dis^nosis, especially as, in simple contusions, the pain, when the bone 
is taken hold of, is generally more diffused and seldom so violent aa 
in the case of a fracture. On examining the extremities, it is best 
to clasp them with both hands at the point where we suppose that 
the fracture exists and to try to produce movement; this mani- 
pulation should be performed firmly, but, of course, without any 
rough force. 

Concerning the dislocation of the fragmenUy there is something 
which I omitted to notice ; it may differ extremely, but the dislo- 
cations may be classed in certain kinds which have from an early date 
been indicated by technical terms still in use, with which I must, 
therefore, now trouble yoa. Simple lateral displacement of the 
fragments is called dislocaiio ad latus ; if the fragments form an 
angle like a bent stick it is called dislocatio ad axin ; if a fragment 
be twisted more or less about its axis, we say dislocatio ad peri- 
joheriam; if the broken extremities of bone be pushed together 
upwards, it is called dislocatio ad longitudinem. These terms are 
short and expressive, as well as easy to remember, especially if you 
make diagrams to represent the displacements. 

We now pass on to the description of the course which the 
healing of the fracture pursues. You will seldom have an oppor- 
tunity of seeing what happens when no dressing is applied, since 
injured persons, in the majority of cases, soon send for a surgeon. 
But laymen sometimes underestimate the importance of the injury ; 
several days pass until, at last, pain and a continuance of the evil 
induce the patient to seek advice. In such cases you find^ in addi- 
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to the ubove-nientioned symptonis of fructure, great tcdema, 
less frequently inflammatory redness in the neighbourhood of 
the point of fracture ; the examination may, under such circum- 
stances, be very difficult ; the swelling is sometimes so considerable 
that it is impossible to form an exact diagnosis of the Bature of the 
frticture. Tiie earlier, therefore, we see a fracture the better. The 
external changes which occur at the point of fracture may be 
studied most easily in bones which lie superficially, and to which we 
cannot apply any dressing, c y., the clavicle. If the inflammatory 
(edematous swelling of the skin has decreased after seven to nine days 
and theextravasated blood run through itschangesof colour and begun 
to be absorbed, there remains behind an immoveable tumour of firm 
consistency Burrounding the point of fracture, which is larger or 
smaller according to the displacement of the fragments^ it is, na it 
were, moulded around the fragments and becomes, in the course of i 
the next eight days, of cartilaginous hardness; this is called the | 
Pressure upon it (the fragments being felt willi difflcultf 
ugh it) is still painful, although less so than before. Later on, 
callus becomes quite firm, the broken ends of bone nre no longer 
iveable, and the fracture may be regarded as healed. This requires 
about three weeks for a clavicle, for smaller bones a shorter, for 
larger bones a much longer time. The external changes do not end 
here, however ; the callus does not remain as thick as it was at iirst ; 
in the course of months and years it becomes thinner and thinner; 
and if no displacement of the fragments existed, nothing can even- 
tually be observed about the bones. If there was a displacement 
which could not be rectified dunng the treatment, the ends of bone 
unite obliquely, and when the callus disappears the bone is left 
crooked. 

To ascertain what deep-seated processes go on here, bow the 

union of the broken ends of bone is oSected, we have recoatae to 

Lperiments upon animals ; we cause artificial fractures ia do^ or 

'ibits, then put on dressings, kill the animals at vviooi tntmvalj, 

" examine the fractures ; we can thus obtain a ocnnplete r'ttw of 

processes. Tlie»e experiments have been made very frcqtu^lj 

id always with results essentially similar, butif wecoidiieoiirKlTM 

)t to what occurs in the rabbit, some diffcrauaa |«eMiit VbtOh 

Ives which, ae shown by a long series of expetimeiita, depend ajMin 

degree of diaplncement and the amowt of eitnvaaatcd bhxfd. 

:fore I show yon, therefore, a series of rach preparal>r;fti, I miial 
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tell you the general result of these investigations and explain them 
by means of illustrations, so that you may easily understand the 
slight modifications observable in the preparations. 

We will occupy ourselves, first, wilh what can be seen with the 
naked eye or with a magnifying glass. If you examine three to 
four days after the fracture the bone of a rabbit and make a longw 
tudinal section of it, you find the following state of things : the soft 
parts round about the point of fracture are swollen and firmly 

Fig. 50. 





Fio. 49. — Fracture ot rabbit bone of four dajs' stuiding witLout displaoe- 
Dicnt. Longitudiiial section : natotal Bute, a, eitravasated blood ; &, swoUeo 
soft parts, external callus; c, periostemn. 

Fig. 50.— Fracture of a cjlindrical bone of fifteen dairs' standing. LoD^- 
tudinal section, a, internal calluK; f, intenial, c, eilcmal bonj lajer of 
external callus; d, new periosteum. The dimensions of llie callus are drawn 
much too lai^e in proportion to the trifling displacement of the fragments, but 
this tenders the iUuslration more iutelligible. 

elastic ; the muscles and subcutaneous cellular tissue have a lar- 
daccous appearance ; these swollen soft jiarts form a spindle-shaped, 
not very thick tumonr round the point of fracture. Bound about 
the fractured ends of bone we find some extravasated blood of t 
dark colour and the medullary canal of the bone is somewhat infiU 
Iratod with blood at the luiint of fracture; the (juautity of tbn 
extravasated blood differs greatly, being sometimes very aUgbt, 
sometimeB rather considerable ; the periosteum at the broken ends 



of bone is recognisabie and is mote closely connected with the other 
swoUiru soft parta, io wbich tliere ia plastic infiltration ; aometimes 
it is slightly detached from the bone at the broken ends. The 
general ap[>esrance, therefore, is such as may be seen in Fig. 49. 
^H If we now examine a fracture in the rabbit of ten to twelve days' 
^^■itanding, WC find that the extravasated blood has either disappeared 
^^uttogetber, or that only a very small qnantity remains, and I shall 
^^^Kpc it an open question whether it becomes entirely reabsorbed or 
^^^■comes partly organised as callus. The spindle-shaped swelling of 
^^^^M soft parts hns, for the most part, the appearance and consistence 
f^^vl cartilage, and agrees therewith microscopically ; in the medollary 
canal also we find fresh formation of cartilage in the vicinity of the 
fracture. The broken bone lies in this cartilage just as if the two 
fragments had been dipped into sealing-wax and stuck together ; 
the periosteum is still tolerably recognisable in the cartilaginous 
mass, but it is swollen and has lost its outlines. Although young 
bone is now already formed in the callus, it can only be recognised 
by the aid of the microscope in this stage ; with the naked eye we 
see only traces of the formation of bone; only some days later (from 
the twelfth to the twentieth day after the fracture) does it become 
quite distinct without artiticial aid. We now recognise (see Fig. 
50) in the vicinity of the broken ends of bone, young soft bone and 
that (1) in ^^^ medullary canal (a), (2) immediately upon the cor- 
tical layer {6), pretty far upwards and downwards, beneath the 
periosteum, wliicb has become lost in the general, spindle-shaped 
^g^^pUus-tumour, (3) in the periphery of the, for the most part, still 
^^^wtilaginous callus (i-). The periosteum, which formerly lay withm 
^^^Ht callus, has now disappeared and in its place a thickened layer of 
^^^^tUular tissue has been formed, estemally upon the callus, which 
represents the new periosteum. I'he new bony masa ia Aofl, white, 
and already presents a kind of structure, inasmuch as small porti^jiut 
of bone lying parallel to each other, correspondisg to the traas- 
verse axis of the bone, are distinctly nsx^iiuble, espedaUy when 
observed with a magnifying glass. The cartilaginoaa callus fonncd 

I from the whole sorrouuding soft parts, in which abo the perioatcoia 
is included, now forms an isolated whole and oMtfio complettiljr, 
HUtly from without (c), partly from wtlhin (6), intil at laal tba 
bids of the bone are inclosed in the bony, aa th«j were pnrvi'iaaly 
Wl the cartiUgiuQUs callus. This bony calluf, which coiuiata 
■tirely of spongy bouc-substaoces, la called afl«T Dupuytreii pftf 
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vUianal callus; on its completion the bone is, in the majority of 
cases, strong enongh to fulfil its functions again. But just as little 
as the scarcely completely formed cicatrix of the soft parts is a 
stable tissue, equally little does the callus remain as it now is ; a 
series of changes take place in it in the course of months and years, 
for so far you can still put forward the conception of union by 
means of sealing wax and that is, strictly speaking, no real organic 
p incorporation. The rigid cortical substance is 

as yet united by a loose new bony mass, the 
medullary canal is closed by bone ; the repair 
is not yet of a solid character ; nature does much 
more than this. We will now study the changes 
which occur consecutively; they refer to the 
spongy substance of the callus. This ceases at 
a certain time to increase in size, and becomes 
changed in such a manner that the bony sub* 
stance formed in the medullary canal is reab- 
sorbed (Fig. 51) on the one hand, and that a 
great part of the external callus disappears on 
the other. Meanwhile, a new formation of 
bone has occurred between the broken ends of 

racureo ara 1 i^j^g ^jqj.^^^ jj^y^- g^ ^j^i^l^ ^j^g jitter has become 

bone after twenty-four ,., , Ji j. 1 j • x 1 n 

weeks Longitudinal ^^^^" when the external and mtemal callus 

section. Advancing disappears. This connective bony substance 

process of absorption between the fragments gradually becomes dense 

of the callus. New for- ^ g^ch a degree that the hardness of normal 

ination of the medul- j^^^^ j^ attained as it exists in the original cor- 

lary canal; natural size .. , , , x xi.* Ay. p -r 

(aosordinff to Gurlt). *^^ substance. In this manner, therefore, if 

no displacement of the fragments, or only a 
slight one existed, the bone becomes so completely restored that 
it is impossible, either during life or on examination of the pre- 
paration, to point out the situation of the fracture. 

The changes just described are completed in a cylindrical bone of 
the rabbit, which has healed with the slightest possible amount of 
displacement, in about twenty-six to twenty-eight weeks, but occupy 
much more time in the cylindrical bones of man so far as we are 
able to judge from preparations which we now and then have an 
opportunity of examining. 

The whole process so beautifully arranged by nature may essen- 
tially be traced back to processes which we also observe in the 
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development of the cylindrical bones, inasmuch as there, 
processes of absorption and thickeniog occur in the medullary 
canal and cortical layer perfectly similar to those with which we 
have just become accjuainted in the callus. With the exception of 
the regeneration of Uie nerrcs, no such complete reproduction of an 
injured part of the human body occurs as that which has just come 
nader out observation in connection with bones. 

I must add a fen remarks concerning the healing process in tho 
flat and spongy bones, As regards the former, amongst which we 
have the moat frequently occasion for observing tho healing of 
fissures in the bones of the skull, the development of provisional 
callus is extremely slight, and even appears sometimes to be alto- 
gether wanting. In the scapula, where displacements of small 
fragments half or entirely driven out more readily occur, there is 
more frequently formation of esternal callus, although it never 
attains here any considerable thickness. The reunion of the spongy 
bones, in which, generally, no great displacement occurs, is also 
accompanied by but much slighter formation of external callus than 
in the cylindrical bones, while, on the other hand, the interspaces 
of the spoDgy substance in the immediate neighboarhood of the 
fracture become filled with bony substance, of which, indeed, a 
portion afterwards disappears. 

Somewhat more comphcated, of course, will be the conditions if 
the broken ends of bone are much displaced, or if single fragments 
are entirely broken otf and at the same time displaced. In such 
cases there taies place so copious a development of callus, partly 
from the whole surface of the dislocated pieces of bone, partly also 
in the soft parts between them, that all the fragments ace thereby 
enclosed to a certain length and organically united by the bony 
mass. The greater the extent of the tissues irritated by the dis- 
location of the fragments, the more extensive will be the formative 
reaction. 

It is in the clavicle that we most frequently have an opportum'ty 
of observing in man the formation of callus resulting from great 
displacement of the fragments of bone, and it is easy to recognise 
therein that tie exlml of thr newly-formtd bony mhiitanee increases 
in direct proportion to Ihe amount of dttplacement. Yon will easily 
understand how, in this manner, complete firmness may be attained, 
even with great deformity at the point of fracture, by a copious 
new-formation of bony substance. But we could scarcely beheve, 
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without hariDg beea conviuced by Bnch preparationa, that in ibe 
course of time, even in such cases, nature possesses the means, bj^ 
processes of absorption and condensation, of restoring, not only 
the external form of the bone (with the exception of bending and 
twisting), bnt also the medullar; canal. A great nnmber of points, 
lumps, inequalities and roughneBses of Tarions kinds, which aie met 
with in the still recent callus, disappear in the course of months 
and years to such an extent that here also only a somewhat thick- 
ened, compact cortical substance remains (fig. 53). 

Fio. 53. Pig. 53. 





Fig. 53.— .Great displacement, with copions foimatioii of extenuU otUos after 
fracture of tibia of b rabbit of twentj-seven daja' standing; natoial tin 
(according to Gurlt). 

Fig. 53. — Old, uoited, oblique fracture of hamui tibia ; the broken auk 
rounded by absorption ; the eitemal callna reabsorbed ; the formation of ths 
medullar; canal incomplete ; reduced size (according to Guilt). 

It is of interest to trace out whence the newly-formed bonj 
substance really comes by means of which such perfect lesolta in 
respect to the union of bone are here attained. Is it the bone itad^ 
is it the periosteum, ot is it the surrounding soft parts which 
produce the newly-formed bony mass? or can it be Qtit the ezfa»- 
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ed blood becomes converted into bone, as was asserted by the 
r observers ? Must the formation of cartilage always precede 
that of bone, or is this Dot necessary ? These arc questions which 
have been answered very variously down to the present day. To 
the periosteum especially a considerable power of producing bone 
haa sometimes been attributed, sometimes denied. I will now 
communicate to you briefly the results of my investigations in 
connection with this question. 

The iicw-growth met with nfter the fracture is found infiltrated in 
the medulla and Haversian canals of the bone, in the periosteum, 
and in the adjacent muscles and tendons; I must leave it an open 
question whether the extravasated blood also contributes to the 
formation of the callus ; a large amount of extravasation is detri- 

iutal here^ as in the healing of the soft parts, since a small part 




jODf^itudiiml section of a piece of Ibc cortical lajer of a ojliadrioal bone in 
■ vioinitj of a fracture ; u, surface ; 6. Haversian canals witli blood-vessels 
I connective liasue ; c, peritoneum. Diagrammatic drawing. Magnified 

ply becomes organised while the remainder must be removed by 
worptiou. The iuilammatory new-growth itself consists at first 
e also of small, roundish cells, which increase greatly in number 
and infiltrate the tissues mentioned above, finally taking their place 
almost entirely. Before we follow up further the destiny of this 
cell-fonuation I must allude briefly to (ie maimer in wAicA Ihh 
process is carried out in the llmtrsian naitals ; the cell-in titration 
in the connective tissue of the medulla presents nothing particular 
except thai (he flat-cells of the medulla disappeiir in proportion as 
the new cells occupy the ground. Represent to yourselves iji the 
following illustration (fig. 54) the surface of the bone in the 
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neighbourhood of a fracture ; the Haversian canals open, as you 
are aware, on the surface of the bone, and contain blood-vesseLi 
surrounded by a little connective tissue. 

Cells appear first in great number between the bundles of con- 
nective tissue in the Haversian canals; if this cell-infiltration 
occurred very rapidly, the blood-vessels would thereby become 
thoroughly compressed and the bone would die at that point, a 
process with which we shall become acquainted later on. But if the 
growth of the cells in the Haversian canals takes place slowly, a 
gradual absorption of the walls of these cells occurs, caused, 
apparently, by the inflammatory new-growth itself; the canals 
become wider and filled with cells and the blood-vessels increase, in 
number at the same time by anastomosis. Langer asserts that he 
has frequently seen two in the same canal. 

From the observations of Cohnheim we may assume that also in 
inflammation of bone, the young cells in the Haversian canals are 
not all newly formed, but consist, in a great measure, of white 
blood-corpuscles issuing from the blood-vessels. 

Let us now turn our attention to the changes in form which are 
observable in the bony tissue. Since the connective tissue of the 
bony canals is in continuous connection with the periosteum, as 
well as with the medulla, so is also the cell-infiltration which occurs 
in the bone, periosteum, and medulla at once continuous. The 
cause of the decrement of bone in the walls of the Haversian canals, 
which occurs in this as in many other new formations of bone, is 
very difficult to explain ; that the connective tissue and the muscular 
substance, as well as other soft tissues, waste if the inflammatory 
new-growth becomes established in them is less surprising; but 
that the hard bony mass should be softened and removed by it is 
<;ertainly very striking. The representation of what occurs in this 
process is given in the following illustration (Fig. 55). 

You see that the dilatation of the bony canals is not regular but 
indented ; the bone appears as if it had been gnawed out ; this is 
not necessarily always so, but the decrement of the bone may also 
be more gradual. These recesses are formed here, in my opinion, 
by the accumulation of cells in groups, for the most part giant cells, 
as we meet with them also in the medulla of normal young bones, 
and which, according to Wegner's observations, frequently grow out 
from the walls of the vessels or through the loops of the vessels 
themselves, which press against the bony tissue and thus cause its 
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iorption. Vircbow and others believe tbat these recesses corre- 
I to the nutrition ilistricta of individual bone-cells, which are 
assumed to contribute in this process to the absorption of the bone. 
I think that I have refuted this view by demonstrating that pieces 
of dead bone also and ivory are similarly attacked by the inflam- 
matory new-growtb, of which more in connection with pseud- 
wthrosis. 

It is not known as yet how the solution of the salts of lime in 
the bone is effected in tliis absorption ; I look upon it as probable 
' that the new-growth in the bone develops lactic acid, and (hat the 
[ inrbonate and phosphate of lime are thereby converted into soluble 
■ lactate of hme, which becomes absorbed and carried off by the 
I Vessels ; but tkk ii a mere hypotfieau. It is also possible tliat the 




inatorj new-growtb in the Earerstsn canals, a, Rurface ; b, Haversiui 
inali, dllaliid and HUed witb cells aud dcw vessels; e, periosteum Diagram- 
tlic drawing. Mi^nified 400 times. 



organic framework of the bone, the so-called bone-cartilage, becomes 
dissolved by the inOammatory new-growth, whereby a slight crunib- 
I ling of the chalk-substance would neccssaniy be produced, the 
tolecuies of which might eventually be carried away even undis- 
lolved. But of all the chemists and physiologists with whom I 
iavo spoken on this subject not one has hitherto been able to give 
tee a simple explanation of this process, or to suggest a mode of 
ixperimoating by means of which we might solve with certainty tiie 
g|U»tion at issue. 

Bi^prcffiot lo yourselves in the illustrations given above the 
ufuce of the fnctore upon wliich, of course, there is no perios- 
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teum^ instead of that of the bone^ and you will understand how, 
ft'om this surface, the new-growth (the fresh callus) advances from 
the Haversian canals in the manner described, comes in contact 
with the similar new-growth of the other fragments and unites 
with it, as in the healing process in the soft parts. It is self-evident 
that the portion of bone thus penetrated by the inflammatory new- 
growth, in consequence of the absorption which is effected in the 
walls of the canals, must become porous ; if you macerate a bone at 
this stage, so that the whole new-growth decomposes out, you 
ought to find the dry bone, where new bony growth has been 
formed either externally or in the medullary canal, porous, although 
generally to a very slight depth only. 

I must again point out that, for the sake of distinctness, we have 
here, in our illustrations and descriptions, assumed the extent of 
the callus-formation to be much greater than it generally is in 
reality, and that here abo, as well as in injuries to the soft parts, 
the regenerative proceiSses after simple wounds do not usually extend 
very far or very deep under normal circumstances, but perform only 
what is requisite for the healing process, very seldom indeed 
furnishing an excess. 

In the whole of tUs description we have made no mention of 
the bone-ceUs or star-shaped bony corpuscles ; I am convinced that 
they play no greater part in these processes than the solid cells of 
the connective tissue in an inflammatory nest, but rather become 
dissolved with the bony tissue, as in other soft tissues, if the inflam- 
matory process reaches a certain height, and take no part in the 
inflammatory new-growth in the bone. There are, however, dif- 
ferences of opinion on this point, as many investigators have 
assumed that the bony cells in the star-shaped openings of bone 
become themselves divided and form the callus-tissue, while the 
bony tissue in the vicinity of the bone-corpuscles must, of course, 
disappear. I admit this unconditionally for the softer periosteal 
layers of bone in growing animals, but it does not appear to me 
proved that it occurs in the fully formed cortical tissue of full-grown 
cylindrical bones such as we are now speaking of. 

We know this new-growth as yet only in the state in which it 
consists essentially of cells and vessels, as under similar circumstances 
in the soft parts ; if now, as there, retrograde formation as a cicatrix 
of connective tissue occurred, we should have no solid union of 
bone but a union by means of connective tissue, a pseudarthrosU^ 
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or false joint. Of such an exceptional joint we will speak Turther 
on. Under normal circumstances the new-growth now becoinea 
completely ossified, as you are already aware. This ossification may 
cither occur directly or after the new-growth has previously been con- 
verted into carl.ilage. You know that in the normal growth of the 
boDes both of these things occur, direct ossification of new cells, as 
tley lie, for instance, in the periosteum of the growing bone, or for- 
ution of cartilage witli consequent ossification, oa in the entirely 
tilaginous pneformed skeleton and in cases of tardy growth of 
e bones. 

Jig. 56. 




0»ifjiiig, iii(LunmBtor;r new growth on the gitrfaco ot llis bone and In llie 
rersiuL cadaIs. Osteopliiatic periostitis and ostitia. BingTBinniatic drawing. 
Rifled 400 [lines. 

■ The callus, in cases of fracture, differs remarkably in this respect 
I man and animals. The new caIIiis in the rabbit is usually at 
B converted into cartilage before it ossifies and also in children, 
t fnll-grown dogs the callus usually ossifies directly, just as in 
U-grown men ; we are far from knowing Ihe causal moments of 
tsB dilTerences. 
ilf, for the purpose of forming for ourselves a preliminary histolo- 
1 idea of these processes, we return to our earlier illustration 
Rg. 55), you must represent to yourselves that the cells which lie 
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in the gaps formed in the Haversian canals and the surface of the 
bone by absorption ver^ soon become ossified after they have filled 
these gaps (Fig. 56) , bnt then accnmolate on the surface and in the 
medullar; canal ; they thus form the external and internal callog. 
Periostitis and ostitis tending chiefly or exclusively to the fornution 
of new bone are called osteo-platiic ; the callus is the result of a 
traumatico- osteoplastic ostitis. 

The periostemn, as already remarked, becomes lost in the new 
growth and in the ossifying callus, while the outer layer of the 
callus becomes converted into a close connective tissue and forms 
the new periosteum of the bone at the point of fracture and in its 
immediate vicinity (as far as the callus estends). In illustration of 
the processes in the periosteum I will show you some further 
preparations. You see (Fig. 57) the peculiarly extended course 

Fig. 57. 






Aitificiall; mjected extenial callus of a1 gbt th ckness oa the turface of the 
tibia of B Tabb t in tbe v emit; of a fracture of five dajs stai d ng. LoDgi- 
todinal section, a, callus , 6, bone. Magnified ao times. 

almost at right angles to the bone, of the larger branches of the 
vessels ffhich enter through the new external callus into tbe bone. 
The Dssitication of the callus commences first as a mantle around 
these vessels, and thus arise tbe small pillars of boue which appear 
at first in the external callus (compare remarks at Fig. 50). 

You may obtain a good idea of the formation of the external 
(periosteal) and internal (endostal) callus by means of the following 
(not, indeed, quite perfect) transverse section of the tibia of a dog 
from the immediate vicinity of a fracture of eight days' standing, in 
which you must observe the vessels of the cortical substance, which 
are considerably larger than the normal size (Mg. 58). Lastly, 
examine also the following preparation: it is an already ossified 
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external callus on the surface of a cylindrical bone in the vicinity of 
a fracture (Fig. 59) . 

If we nov sum up once more the whole process, we Gnd that the 
ceU-i*filtTati<m in the bone itielf, as well as in all the surrounding 
jtarts, eontridutea to theformation of the callus, andthat Iheperios- 
ietim, therefore, playt no exclusive osteo-plaslic part therein. We 
might, indeed, already have inferred this a priori from the fact that, 
if the periosteuxQ alone formed the external callus, as waa formerly 

Fig. 58. 




Artificiallj iojected traasTerse acclion of tlie tibia of a dog from tlie im* 
mediate vicinity of a fracture of eight dajs' standing, a, internal callus ; 
b, eiternal callus ; e, e, cortical lajer of tbe bone. Magnified 30 timet. 

assumed, the parts of the bone deprived of callus, e. g, points at 
which tendons are attached to the bone, could not form callus, 
which is in direct opposition to our experience. In normal growth 
also the periosteum by no means plays the exclusively oateo-plastic 
part which many writers attribute to it, inasmuch as we may regard 
the layer of new cells which adjoins the surface of the bone, and 
extends into the Haversian canals, as belonging no less to the bone 
than to the periosteum. More recent investigations of the growth 
of bone by J. Wolff render it, indeed, very probable that the bones 
also increase by the interstitial deposit of new bony tissue in alt 
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directions, find thus the appositioD-growth of the bones by means of 
thecartilagesof the epiphyses audtbcperiosteam would no longer be 
the only source of theii increase in length and thickness. That the 
latter mode of growth of bone undoubtedly exists is especially proved 
by an excellent work by Wegner on the osteo-plastic elTect of 
I^osphorus on growing booest and by a very recent experimental 
work of the same author, which, equally with a work by Mobs, 

Tio. 59. 




Oasifjiag callus on tlie surface of a cylindrical bone iu tlie inimeiluiLc TioiiittJ 
t>t a rraoturc. Longrtuilinal scctioo. Ma^iUBii 300 liniQ«. Wc see that tha 
OEsifjing callus is not Donfincd to the periostcam, but extends inwniils between 
tb« miuclos. 

reinstates the views of Fiourens concerning the growth of bono 
entirely in their former rightful position. 

I will nut conceal from you that the opinion propounded and so 
obstinately defended by me. that the bone-ci-lls in new growtlu 
within the bonu are not prolific but behave ([uite pitssivelyjias been 
attacked on many tides. After Cotudieim had demonstrated tho 
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passivity of the stable corpascles of connective tissue in the inflam- 
mation-nest dnring the acute suppurative period^ my opinion given 
many years ago, and based upon numerous observations^ can no 
longer appear strange ; but the interpretation of the respective 
preparations is by no means so simple as to leave room for one 
conclusion only. Lossen has recently^ by means of very careful 
investigations into the histological processes during the conversion 
of the provisional into the definitive bony callus^ attempted to show 
that the bone-cells of the former take an active part in the forma- 
tion of canals for the vessels in the latter by dilatation and changes 
of position. I can admit this as being perfectly correct without 
abandoning my former view^ for the provisional callus is, like the 
new osteophyte, calcified connective tissue, as certain boundary 
layers between cartilage and bone are calcified cartilage. That the 
cells of this ''osteoid cartilage '' (Yirchow), like the cells of hyaline 
cartilage, especially before the definitive conversion into true bone, 
are prolific, I do not doubt. This is not the place to go more 
deeply into the histological details, which, however interesting they 
may be in themselves, are still without essential influence upon the 
definitive forms of new growths in bone. 



LECTURE XV. 

Treatment of simple fractures, — Reduction, — Time of applying 
the dressing, — Choice thereof, — Sulphate-of-lime dressings, 
starch dressings, dressings with splints ^ permanent extension / 
position-apparatuses, — Indications for removing the dressing. 

We will now pass on at once to the treatment of simple or sub- 
cutaneous fractures, especially in reference to fractures of the 
extremities, for these are bj far the most frequent and also require 
especially a treatment with dressings, while fractures about the 
trunk and head have to be treated less by dressings than by appro- 
priate position, as is taught in the lectures on special surgery in- 
the surgical clinique. 

The problem now before us is simply this, to set right any exist- 
ing displacements and to fix the fractured extremity so long in the 
right position anatomically as is necessary for the healing of the 
fracture. 

The first thing to be done is to replace the fragments ; this may, 
in certain cases, be quite unnecessary, for instance, when there is no 
displacement, as in many fractures of the ulna, fibula, &c. In 
other cases it is very difficult and not always completely feasible. 
The resistances which oppose themselves to the replacement may be 
situated in the position of the fragments themselves; one fragment, 
for instance, may be firmly wedged into another, or a small frag- 
ment is placed so obstructively between the two chief ones that the 
latter cannot be brought into exact apposition. Very obstinate in 
this respect are fractures of the lower end of the humerus, in which 
small fragments may become so displaced that neither flexion nor 
extension of the elbow-joint can be fully carried out and the func- 
tion of the joint thus remains permanently impaired. A second 
obstacle to the replacement occurs from the contraction of the 
muscles; the patient involuntarily contracts the muscles of the 
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:tiirc(l extremity, rabs thereby the fragments against each other, 
or presses tliem into the soft parts and thus causes himself the most 
violent pain; these muscular contractions are sometimes almost 
tetanic, so that it is scarcely possible, even with great force, to over- 
come the resistance. These difficulties were, in fact, formerly almost 
entirely insurmoimtabte and if it was sometimes attempted, by the 
division of tendons and muscles, to attain that object, it was still 
necessary to be content with an imperfect replacement. All these 
difficulties were removed at once by the introduction of chloroform 
as an aniesthetic. In all the cases in wliich we do not succeed in 
replacing the fragments we narcotise the patient with chloroform 
until tho muscles relax completely, and then generally succeed in 
replacing them without difliculty. Many sui^eona go so far as to 
administer chloroform in almost every case of fracture, partly for 
examination, partly for the application of the dressing. This is 
unnecessary ; the use of chloroform may have very unpleasant con- 
sequences if we have to do with people, especially drinkers, who are 
seized at a certain stage of the narcosis with convulsive twitchinga 
of the extremities, so that, in spite of the elForts of powerful assist- 
ants to prevent it, the broken fragments are rubbed against each 
other with a loud grating sound and there is gre-at cause for fearing 
that a |iointed fragment may perforate the skin. You must not let 
this deter you from administering chloroform when necessary, but it 

mid warn you to be sparing of its employment. The manner in 
rhich the replacement is effected is generally this : the broken part 

the extremity is grasped by two powerful assistants at the jomts 
lOve ajid below the fracture and steady traction made, while the 

irator takes hold of the extremity at tlie point of fracture and 
aeeka to push the fragments into position by gentle pressure. All 
sudden jerking or forcible dragging is unnecessary and decidedly 
to be avoided. There are two technical expressions to be borne in 
mind here ; the puU applied to the lower part of the extremity is 
called exlmswn, the fixing of the upper part eount-er-erleasion. 
Doth acts are to be performed with th(^ hands in cases of fracture, 
while in dislocations other mechanical aids are sometimes necessary. 
An exact replacement in the above manner will be impossible if, 

k partly on account of too much swelling, partly of an especially 
anf&vorable displacement of the fragments, we are unable to 
tecognise the exact nature of the latter. 
L According to oar present piinciplesj which are based upon a long 
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series of ezperiencesj the more immediately after a fracture the 
replacement is made the better ; the dressing- is then to be applied 
at once. Surgeons have not always taken this view^ but waited 
formerly as well with the placing of the fracture in position as with 
the application of the dressings until the swellings which almost 
always sets in if the dressing is not applied immediately^ had sub* 
sided. It was feared that the pressure of the bandage might cause 
the wound to become gangrenous and prevent the formation of the 
callus. The former is easily to be avoided by certain precautions 
in applying the dressing; in the latter there is some truth. As 
regards the choice of the dressing to be used^ surgeons have veiy 
recently become almost unanimous in their views on this point. li 
is to be regarded as the rule ihat in aU cases of simple subcutaneous 
fractures of the extremities^ a firm^ compact dressing should be 
applied as soon as possible, which may be changed two to three 
times^ but in very many cases does not require to be changed at aU» 
This kind of dressing is called the immoveable or contact dressing, 
in opposition to the moveable dressings which must be renewed 
every few days and are now only regarded as provisional dressings. 

There are several kinds of compact dressings^ of which the 
plaster-qf-PariSy the starch, and the silicate-of-potash dressing are 
those most in use. I will show you first the plaster-of-Paris 
dressing and the mode of applying it^ for it is the one most 
frequently used^ and meets all the requirements in such a manner 
that any improvement appears almost impossible. 

Plaster-of'Paris dressing. — ^When, after successful replacement of 
the fragments^ the fractured extremity has been fixed by two assist- 
ants by means of extension and counter-extension^ we take one or 
even more layers of wadding and place them partly around the 
point of fracture^ partly upon spots at which the skin lies close 
upon the bone^ e.g. upon the crista tibise, the condyles^ and 
malleoli of the leg. We now take by preference a rolled bandage of 
new fine flannel^ and bandage the limb therewith^ so that an 
equable pressure is made everywhere, and all the parts are covered 
which we wish to surround with the plaster-of-Paris dressing. In 
hospitals and in practice amongst the poor, where good flannel 
bandages are not always procurable, soft cotton or gauze bandages 
may be used. Now comes the putting on of the plaster-of-Paris 
bandage prepared for this purpose ; this bandage which I have here 
is cut from a very thin material resembling gauze ; it is prepared^in 
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such a manner that findy powdered i^aster of Paris (ao-calkd 
modeller's plaster of Paris) is strewed uniformly upon the bandage, 
which IB then roUed np. For private pvactioe we may have a 
number of larger and smaller bandages of this kind prepared and 
keep them in a closely fitting tin case. Here in the hospital, where 
a large number of these plaster-of-Paris bandages is used, a stock is 
prepared twice or three times a week. You place such a bandj^ in 
a vessel fall of cold water, allow it to become thoroughly moistened, 
take it oat of the water and roll it like any other bandage around 
the limb prepared in the manner mentioned above. A three-, at 
most fourfold layer of this plaster-of-Paris bandage suffices to 
produce a compactness in the dressing such as is required for our 
purpose. In about ten minutes good plaster of Paris sets so 
firmly that we may loosen our hold of the limb and put it upon the 
bed ; in half an hour or an hour the dressing generally becomes as 
hard as a stone and dry ; this interval depends partly upon the 
goodness of the plaster of Paris and partly upon the extent to 
which the bandage had become moistened. If the plaster of Paris 
is bad^ if it is damp, large-grained, and dirty, it will not set well; 
if we wish to expedite the setting of the plaster of Paris we should 
throw half a handful of alum into the water in which we intend to 
moisten the bandage. Plaster of Paris which has become damp 
may be rendered more available by drying it highly in an oven, but 
it never returns entirely to its former condition. 

The mode of applying the plaster-of-Paris dressing just described 
is the one which I have found most efficacious after comparing it 
many times with other methods. I must, however, mention to you 
some modifications in reference especially to the manipulation of the 
plaster of Paris and of the material for the bandages. We may, 
namely^ also rub the plaster of Paris into the ordinary cotton or even 
flannel bandages, whereby the dressing becomes somewhat heavier 
and closer, but this is not necessary, and the loose gauze material 
is very much cheaper than the woven cotton bandages. If the 
dressing does not appear sufficiently firm, a lajer of moistened plaster 
of Paris may be put over the whole of it. The plaster of Paris 
must be carefully stirred up with water and very quickly laid with 
the hand or a spoon over the whole dressing and rubbed in. The 
plaster of Paris must not be moistened until the last moment, as it 
sets very quickly. This dressing, carried out by means of band- 
ages, was first suggested and employed by a Dutch surgeon. 
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Mathfsen^ and was made known as early as 1832^ but has only 
become more generally known since about 1850. In Germany it 
has been made familiar chiefly by the Berlin school. 

Somewhat different is the mode of procedure when the plaster-of- 
Paris dressing is applied in single detached pieces. Pirogoff first 
introduced this modification when in want of dressing-material in 
the field. Any pieces of stuff which could be cut into the form of 
sufficiently long splints were drawn through a thin mixture of 
plaster of Paris and water and laid about the broken limb, the 
whole then covered with plaster of Paris as usual^ and a very firm 
case was thus made. Later on the same surgeon formed this into 
a special method by cutting coarse sail-cloth according to certain 
rules for each extremity and applying it in the manner just men- 
tioned. Lastly, the so-called many-tailed bandages of Scultet have 
been used in a similar manner for plaster-of-Paris dressings. Fur- 
ther^ the inner layer of the dressing is modified in various ways ; 
sometimes neither wadding nor inner bandages have been used, but 
the whole limb smeared freely with oil, so that the plaster of Paris 
applied directly to the skin may not stick to it and the fine hairs. 
Others have only used very thick layers of wadding without any 
special inner bandages. Lastly, thin wood-shavings or thin strips 
of tin have been placed next the skin. This may have some 
advantages for perforated dressings, as we shall see later on. 

I have presented to you all these modifications of the plaster-of- 
Paris dressing intentionally as exceptional modes of proceeding only, 
all of which have certain disadvantages compared to the method 
given first as the regular one. A closer criticism of these modifica- 
tions I shall reserve for the clinique. 

The removal of the plaster-of-Paris dressing presents great 
difficulties to the unpractised, and yet you will see that every one of 
my female nurses can do this in the shortest possible time and most 
gentle manner. This is done simply as follows : with a concave, 
strong, sharp garden knife we cut through the plaster-of-Paris 
bandages, and that not quite perpendicularly, but mucA more easily 
in a somewhat oblique direction, down to the inner bandage, and 
then take the whole dressing to pieces like a hollow capsule ; or we 
may use the plaster-of-Paris scissors recommended by Szymanowski, 
or those of v. Bruns^ Leiter and others. The capsule thus removed 
may sometimes be used again for provisional dressings. 

Starch dressing. — Before plaster of Paris was known^ we already 
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possessed in the starch dressing a very excellent material for 
immoveable dressings. The starch dressing was chiefly brought to 
the highest degree of its perfection and introduced into surgical 
practice by Seutin ; it is only about twenty years since it was sup- 
planted by the plaster-of-Paris bandage, but it is still employed 
occasionally. The laying on of the wadding and inner bandage is 
the same as with the plaster-of-Paris dressing ; but after that, splints 
of moderately thick pasteboard, previously cut into proper shape and 
thoroughly softened in water, are placed around the limb and kept in 
position by bandages which have been well soaked in starch. Until 
this dressing becomes hard, which, at the ordinary temperature of a 
room, requires somewhat more than twenty-four hours, wooden 
splints must be applied which are afterwards taken off. This dressing 
has the disadvantage, as compared with the plaster-of-Paris dress- 
ing, that it sets very much more slowly. This may be obviated to a 
certain extent by taking pieces of guUa pereha instead of the paste- 
board splints, soaking them in hot water, and then adapting them 
exactly to the limb. Gutta-percha straps, as they are' used in 
manufactories, are very available for splints. It cannot be denied 
that the introduction of gutta pereha for surgical dressings is to be 
regarded as a great advantage, but the price of the material is too 
high to allow of its employment in hospital practice for every case of 
simple fracture, while it is also somewhat inconvenient that hot 
water is always required for the softening of the gutta pereha. 
Thick gutta-percha splints become hard almost more quickly than 
plaster of Paris. The dressing with bandages soaked in plaster of 
Paris is so superior on account of the facility with which it is put 
on, as well as on account of its cheapness and compactness, that, 
having now been introduced into practice, it will certainly never be 
supplanted by the starch dressing. 

In the place of the starch, solutions of dextrine, white of egg, 
and even meal and water mixed together, have been used formerly. 
These are all obsolete, but it is well that you should be aware of the 
value of such substances, since they are to be found in every 
household, and may, therefore, very well be utilised for provisional 
dressings. 

Silicate-of -potash dressing, — Listead of the starch, we may employ 
with advantage the solution of silicate of potash of commerce. It is 
to be spread with a large brush upon the cotton bandages when the 
dressing is applied, after the limb has been covered with wadding 
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as already described. The silicate of potash dries more quickly 
than the starchy bat not so quickly as plaster of Paris^ neither does 
it become so firm as the latter. This dressing sufBces for fractures 
in which there is no tendency to displacement. If we would fix in 
position with the silicate of potash dressing displaced ends of broken 
bone^ we must strengthen it by means of splints. 

I have no doubt that before long every country practitioner will 
have some plaster-of-Paris bandages in stocky but provisi^mal 
dressings have^ nevertheless^ their practical value. These consist of 
bandages^ compresses^ and splints of very various kinds of material ; 
the splints may consist of thin wooden boards cigar boxes, paste- 
board, tin, leather, straw twisted tightly, bark of trees, &c. ; and in 
the cottages of the poor you will often have to be content with old 
rags and linen, cut into strips and sewn together, as bandages ; it is 
therefore necessary that in the practical lessons on bandaging you 
should make yourselves familiar with the use of the most varied 
materials. 

It is not my object here to present to you everything that may bb 
made available for dressings, but there are some points to which I 
must briefly allude. Dressings with splints have for their object, 
evidently, to place the bone in a firm and immoveable position by 
means of strong supports on one or more sides ; we can attain this 
with narrow wooden splints applied on all sides of the limb, or we 
may employ concave splints. The latter are useful only when com- 
posed of a pliable material, such as leather, thin tin plates, wire 
gauze, &c. ; a perfectly stiff concave splint would suit a few indi- 
viduals only. 

In contrast, as it were, to the mechanical means just mentioned, 
there is another method of fixing broken limbs, namely, by pemui' 
nent extension. This idea lay very near at hand for those cases 
especially in which there was a great tendency to the dislocatio ad 
longitudinemf or shortening It has been sought to produce this 
extension partly by weights applied with a mechanical arrangement 
of various kinds, partly by a permanent pull produced by weights 
attached to the injured limb, and partly by the double inclined 
plane, where the weight of the leg is used as the extending weight. 
Having seen, in the course of the last two years, very unexpectedly 
important results from permanent extension with weights in very 
painful contractions about the hip- and knee-joints, I have also 
employed this method for the gradual adaptation of broken ends of 
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and found it very useful. Amongst the coDtrirances of this 

knomt to me, the so-called railway apparatus introduced by v. 
Dumrcicher fulfils the purpose of permanent extension best of all, 
but it is too expensive and too complicated to come into use to any 
great extent in private practice. It is, no doubt, the intention of 
the inventor to use this apparatus chiefly for cases in which there Ja 
displacement difBcult to overcome. The double inclined plane, 
represented by a thick round cnshion placed under the knee, may 
sometimes be used for the Jracfura colli femoria in very old people, 
as a pmctiual means of fixation if we do not wish to apply any 
dressing. The extension- dressing with adhesive plaster, as first 
introduced by American surgeons and made largely known m 
Germany by Volkmann, has proved to be the most practical j it 
often does excellent service, especially in cases of fracture of 
the thigh - 

There are still some auxiliary means to be mentioned which we 
must employ for placing the broken liffti in a favorable po&itUm 
after the dressing has been applied. For the upper extremity, a 
simple, properly apphed cloth, in which the arm is laid, suttices in 
most cases. We may allow patients with a plaster-of- Paris dressing, 
and such an arm-clothj to remain out of bed with a broken upper 
or fore-arm during the whole treatment without at all interfering 

the healing process. 

ir the placing in position of broken lower extremities a long 

of mechanical auxiliary means exists, of which the following 
the most usual : Band bagg, i. e., narrow bags filled with siuid, 
of about the length of the leg, to be laid on both sides of the com- 
pact dressing, so that the limb cannot be moved about. For many 
cases a bag loosely filled with chopped straw or chafl' suffices. A 
depression is made in its upper surface longitudinally into which 
the leg is placed. If a firmer support is required, we use for leg 
apliuU thin long wooden boxes without lids into which the leg is 
placed and of which the other side pieces can he put down, so that 
the hmb can be inspected without rnising it. This apjiaratus can 
he raised or lowered as is most comfortable to the patient. Swiugs 
must also ho mentioned, wluch keep the limb in an oscillating posi- 
tion luid possess certain advantages io the case of restless patients. 
You must render yourselves familiar with all these apparatuses, 
which, although less employed now than formerly, are occasionally 
of use, opportunity for which you will have in the surgical cHuique. 
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All these apparatuses for the placing of fractured lower extre- 
mities in position have been less employed recently ; my former 
assistant^ Dr. Eis^ who has brought the application of the plaster-of- 
Paris dressing to a high pitch of perfection and elegance^ places on 
the under side of the leg a well-padded wooden splint with plaster^ 
of-Paris bandages, about three to four inches broad^ which reaches 
somewhat beyond the heel and as far as the knee, or in cases of 
fracture of the thigh, as far as its middle. On this board the limb 
lies very firmly if the mattrass is not a bad one. If we wish for 
still more firmness, we place in the lower third of the bed a board 
as broad as the bed upon the mattrass, and upon this the extremity 
with its plaster-of-Paris dressing and position-splints. For the 
many double fractures of both extremities which were brought into 
the Zurich hospital, this position-apparatus rendered especially good 
services. 

The older form of the plaster-of- Paris cast has recently been 
jrecommended anew by M. Miiller. We have lately again occupied 
ourselves with it, but it cannot bear comparison with the plaster-of- 
Paris dressing ; it is much more complicated in its application and 
in the attention required with it. 

Seutin attempted to increase the advantages of the compact 
dressings by proposing auxiliary means by the aid of which patients 
with fractured lower extremities might be enabled to move about to 
a limited extent. Thus a patient with a broken leg may, by the 
aid of a broad leather strap passing over the shoulder and buckled 
on close above the knee, so that the foot does not touch the 
ground, go about on crutches. I would advise you, however, not 
to push these experiments too far with your patients ; at all events 
I do not permit my patients to make such attempts at locomotion 
before the end of the third week after the occurrence of the frac- 
ture, because cedema is readily caused in the broken extremity, and 
many patients are so awkward in the use of the crutches that they 
are very liable to fall and may cause concussion of the injured part^ 
which, although slight perhaps, may prove detrimental to it. 

Lastly, we have to discuss how long the dressing is to be left on 
and what the circumstances are which may induce us to remove it 
before the definitive cure. To judge whether a dressing has been 
put on too tight is a matter of experience ; the consequences must 
guide us here. If the lower part of the limb, t. e., the fingers or 
jtoes, which are generally left free^ swell and become of a blueish- 
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red colour^ cold^ or even deprived of sensibility^ the dressing must 
be taken off at once. If the patient complain of violent pain under 
the dressings it is better to remove it, even if nothing objective 
present itself on doing so. As regards complaints of pain, we 
should know our patients; there are some who are always complain- 
ing, while others are very indolent and speak little about their sen- 
sations. In any case it is better to renew a dressing several times 
unnecessarily than to neglect to do so once at the right moment. 
I cannot uji^e upon you too strongly to make it an absolute rule in 
practice never, after having put on a compact dressing, to let more 
than twenty-four hours pass without seeing the patient, to make 
any change that may be necessary. No harm will then befall your 
patients, as unfortunately has but too often occurred &om careless- 
ness and indolence on the part of the surgeon in charge. There 
are a number of cases on record in which, after the application of 
compact dressings, the injured extremity became gangrenous, and 
amputation necessary ; strange to say, it was concluded from these 
cases that compact bandages generally were unpractical, while the 
fault lay with the surgeon. Consider how slight the trouble in the 
treatment of fractures now is as compared with former times, when 
a dressing with splints had to be renewed every three or four days ! 
Now we not unfrequently have to put on a single dressing only. 
Do not imagine, however, that you are no longer required to 
practise yourselves in the application of bandages. The application 
of compact dressings requires just as much practice, address, and 
circumspection as formerly the application of splint dressings. If 
you are sent for to a case of fracture on the second or third day 
only, and a considerable amount of inflammatory swelling already^ 
exists, you may still apply a compact dressing, but must use wad- 
ding freely and not put on the dressing too closely. Such a 
dressing must naturally become too loose after ten or twelve days, 
when the swelling of the soft parts has subsided, and must then be 
removed and renewed. It will depend essentially upon the loosen-^ 
ing of the dressing and upon the greater or less tendency to dis- 
placement, when and how often the dressing must be taken off 
before the cure is completed. Great swelling, if not connected with 
much contusion, is not a contraindication for the employment of a 
carefully apphed compact dressing; nor are larger or smaller 
blisters filled with clear or slightly bloody serum a serious obstacle; 
such bUsters not unfrequently appear with contused fractures when- 
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there is extensive laceration of the deep veins, since the obstruction 
to the return of the venous blood readily causes the serum to pass 
out of the capillary vessels and push up the homy layer of the 
epidermis; such blisters must be pricked, the fluid pressed out 
gently and wadding applied^ which soon dries on. The same holds 
good for slight superficial excoriations of the skin ; it is but seldom 
necessary, if fresh blisters occur under the dressing, which is made 
known by pain, to remove and renew the dressing on that account. 
How long, in general, a compact dressing must remain on for 
fractures of the individual bones you will learn partly in the clinique 
and partly in special surgery; I will mention here as extreme 
periods that a finger requires about fourteen days, a thigh sixty 
days or more, for its complete cure. If you apply plaster-of-Paris 
dressings immediately after the fracture, with complete replacement 
of the fragments, the external provisional callus will always be very 
smaU, and, consequently, finn union occur later than with displace- 
ment and later application of the dressing; this has not, however, 
any influence upon the formation of the definitive caUus, the actual 
union of the broken ends of fractured bone with each other. 



CHAPTER VI. 

ON OPEN FRACTURES AND ON SUPPURATION OF BONE. 

Difference between subcutaneous and open fractures in reference to 

prognosis. — Varied character of the cases, — Indications for 

primary amputation. — Secondary amputation. — Course of the 

healing process. — Suppuration of bone. — Necrosis of the ends of 

fragments. 

We will now pass on to compound or open fractures. 

If we speak simply of compmmd fractures we generally mean 
thereby such as are combined with wounds of the skin. This is, 
strictly speaking, not quite exact, because there are various other 
complications some of which are of much greater importance than 
a wound in the skin. If the skull is fractured and at the same 
time a portion of the brain substance crushed, or if ribs are brokoi 
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anil n part of the substance of the lung torn, these are also com- 
pound fractures even if tlie skin coverings remain uniujured. But 
because in such a case the complication in itself is of much greater 
importance for the general organism tiiau the fractured bone, such 
cases are usually described as compression of the brain or laceration 
of the lung resulting from fracture of the skull or ribs. But we 
will not enter here into the question of injuries to internal o^ans 

Rginents of bone, because a very complicated state of disease is 
nfrequentlj produced thereby, the analysis of which you will 
; able to understand until later. Let us conline ourselves at 
it to fractures of the extremities combined with wounds of the 
which we will designate as opm ftactuTea, and which will 
ns anxiety enough in reference to their course and treatment. 
bave already pointed out to you, when speaking of simple 
sions without wounds and of true confused toountU, how easily 

in so many cases the absorption of the extravasated blood and the 

healing of the contused parts take place where the whole process is 

carried on subcutaneously, but how greatly the couditions are 

changed when the skin also is injured. The chief dangers in such 

uiscs are, as you will remember, processes of decomjiosition about 

the wound, extensive necrosis of contused and dead tissues, tedious, 

exhausting febrile conditions accompanying progressive snppura- 

tioiis. In addition to these, hut not yet mentioned, we meet with 

I most severe general diseased conditions, such as traumatic 

sipelas, putrid blood-poisoning, i>ya:mia, traumatic tftanus, 

tremens. The contrasts between subcutaneous injuries 

nnd open wounds, in reference to the course and prognosis in simple 

subcutaneous fractures as compared with open fractures, are much 

11 Mo re sharply marked than in simple contusions as compared with 

^^^^mtufed wounds. While we should scarcely call a man ill in 

^^^^Eny cases who has a simple fracture (we have said nothing of 

^^^^^er in sucli cases because it seldom occurs), and such an injury, 

I with the present convenient method of treatment, is to be regarded 

rather aa an inconvenience than a. calamity ; every open fracture of 

one of Uie larger bones of the extremities, and even, under certain 

circumstances, of a finger bone, may produce serious and, unfor- 

I iinately bat too often, fatal diseases. It gives me, therefore, great 

satistictian to be able to add that the improvements m surgical 

ttlnunit iu this department especially have been very threat in (he 

Brae of the last decenniad. 
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One of the most difficult and important of our problems is, to 
form from the first a thoroughly correct prognosis of an open 
fracture. The life and death of an individual may here sometimes 
depend upon the choice of the treatment during the first few days, 
and we must, therefore, now already enter somewhat more deeply 
into this question. The symptoms of an open fracture are, of 
course, essentially the same as those of a subcutaneous fracture, 
except that the coloration by extravasated blood is often wanting, 
because the blood passes out of the wound, in part, at least. The 
broken ends of bone not unfrequently project from the wound, or 
lie in full view in it, so that a glance suffices for the diagnosis of an 
open fracture. But this is far from being enough, for we must try 
to ascertain as exactly as possible how the fracture was caused, 
whether by direct or indirect violence, how great the force has 
probably been, whether dragging and twisting were combined with 
the contusion, whether arteries and nerves have been torn, whether 
the patient lost much blood, and what his present general condition 
is. There are cases in which we can say at the first glance that no 
cure is possible, and that amputation is absolutely necessary. If a 
locomotive passes over the knee of an unfortunate railway labourer, 
if a hand or forearm gets in between the wheels or rollers of a 
machine in motion, if, from too early explosion of a blasting charge, 
limbs are smashed and lacerated, or immense weights completely 
crush a foot or leg, it is not difficult for the surgeon to make up his 
mind at once to a primary ampuiMioUy and the condition of such 
extremities is generally such that the patients also soon Consent, 
though with a heavy heart, to the operation. These are not the 
difficult cases. Just as easy may it be, under certain circumstances 
in other cases, to predict the probability of a good recovery with 
tolerable certainty. If, for instance, the fracture of a leg results 
from indirect violence, or from excessive bending of the bone, the 
broken pointed end of the crista tibia may pierce the skin and 
project ; in such a case there is no contusion, but only a simple slit 
in the skin. Again, if a semi-sharp body strikes a small point of 
the extremity with great force, and bone and skin are injured, the 
whole extremity may be much shaken while the field of the injury 
is but small, and in the majority of such cases a favorable result may 
be expected with appropriate treatment. 

The cases difficult to judge of lie in the middle between these 
two extremes. In cases in which a certain amount of cohtusionjhas 
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occurred^ but of which little is visible, while the skin is injured at % 
small point only^ it will be veij difficult to decide whether we shal 
attempt the cure or proceed at once to amputate, and only tlw 
peculiarities of an individual case can determine the point. Im 
recent times, the tendency has increased more and more rather to 
attempt the conservation of the extremity in these doubtful cases 
than to amputate a limb which might possibly have been saved. We 
are justified in risking more because we are better able to meet fiie 
dangers which may eventually arise. The principle may no doubt 
be defended on general humanitarian grounds, but it cannot be 
denied that this conservative surgery of the limbs at the expense of 
life may be carried too far» and that we cannot deviate all too far 
with impunity from the principles of earUer expmenced surgeons, 
who generally gave the preference to amputation in these doubtful 
cases. Besides the nature of the injury and the greater or slighter 
contusions combined with it, the significance of an individual case 
depends greatly also upon the circumstance whether we have to do 
with deep wounds and fractures situated deeply amongst the mus- 
cles, or with bones which lie more or less immediately under file 
skiu, since the danger depends as much upon the depth as upon the 
extent of the injury to the bone. Thus the prognosis of an open 
fracture on the anterior surface of the leg will be more favorable thaa 
that of a similar injury to the forearm or upper arm. The most 
unfavorable are open fractures of the thigh, and there are surgeona 
whose experience has led them to conclude that it is better, in audi 
cases, to amputate at once than to expose the patients to the risks 
of conservative treatment. This is, at the present staodprait 
of surgical therapeutics, decidedly wrongs although it may be 
convenient. 

Laceration of larger branches of nerves in eases of fnurtiin^ do<» 
not occur very often and appears, moreover, nr>t to have any very 
essential influence as regards the cure. Experimeists on toittaU m 
well as experiences in man, show that the Ixjh^ in panir^n^ ^tn^ 
mities may also heal normally. Injuries t/> tli#^ iv'/^y*:;^, ^, a, 
to the femoral vein, cause hasmorrhd^M, mh^^i ca/i, U/wkt^t #^^«;}y 
be controlled by a compressing 6n>mi'/, but b^y/sr^^ 6x*.y*t*mn $1 
blood diffused in considerabk qu»;,inv Wir»^j i^: u^i^.^n, »#^ 
under the skin pastes into a flaU: <A ^/my^t^/n.. Tt^ ;*/>;#*. 
tion of the main aiteiy of an extf^oitr v/tt>»JUjw^ //(^ry^it ^, ^^^> 
considerable arterial bseaoniia^ev ; tbk ^^^ tifA i^»«ft^//l/ v>>v/ 
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however^ siuce^ as explained formerly, a thrombas is easily formed 
in contused arteries, so that much haemorrhage does not always 
follow. But if we recognise from the nature of the haemorrhage 
that an artery has been torn, we must in accordance with the prin- 
ciples already established, either attempt to tie the artery within the 
wound or the main branch at the locus electionis. Laceration of 
the femoral artery with concomitant fracture of the thigh always 
leads according to experience to gangrene, and is therefore, an 
absolute indication for primary amputation ; in the case of a cor- 
responding injury to the upper arm, an attempt to save it may 
succeed, but may also be frustrated by gangrene ; healing of the 
forearm or leg may take place in spite of laceration of one or even 
both main arterial trunks. 

Lastly, we have still to consider, with reference to the question 
of amputation, or an attempt to cure, how far, if we should succeed 
in overcoming all difficulties and effecting a cure, the healed extre- 
mity wiU be useful. This question may obtrude itself, especially 
with compound fractures of the foot and leg, and it has happened 
repeatedly that it was necessary to amputate feet which, when 
healed after open comminuted fractures, had assumed changes of 
form and positions which rendered them utterly useless for the 
purpose of locomotion. The same thing must also be taken into 
consideration when we would decide, in the case of moderately 
extensive gangrene of the foot, whether we shall amputate it or not. 
The separation of the dead parts of the foot may occur in such an 
unsuitable manner that the remaining stump is useless either for 
walking upon or for coaptation to an artificial limb. In such cases 
amputation is necessary; all our modes of amputation are calculated 
for the future adaptation of wooden legs or artificial limbs. 

Since we have been led by the nature of the subject directly to 
the indication for amputation in case of injuries, I will here inform 
you at once how it stands with secondary amputations after injuries. 
In reference to the question whether amputation should be per* 
formed or not in a case of compound fracture, you might easily 
console yourselves with the idea that amputation might always be 
performed later on if your anxiety concerning an unfavorable course 
should be verified. In this respect, careful observation has shown 
that we must distinguish two moments from these secondary ampu- 
tations. The first danger which threatens the patient is an acute 
process of decomposition in the neighbourhood of the wound and 
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■the putrid blood-poisonxBg coonected with it. It is decided by 
about the fourth day whether this daoger is impending ; if it has 
set Ui and you now amputate (wliich must always be doue very 
high above the ichorous inhltratiou), that is the most unfavorable 
moment for the amputation, since we unfortunatelji only »Kfy 
seldom succeed iu saving such a patient, kjomewhat more favor- 
able, althoufrh still very nni'avorable in comparison with primary 
ampulationu (such as have been performed before the setting in of 
ililliimmation, therefore some time within the first forty-eight 
boursj, iire the results of amputations which you perform from 
about the eighth to the fourteenth day, on account of commencing 
acute suppurative infecUun (pi/eemia). 

M the patient has survived two or three weeks and the indication 
for amputation should then be given either by a very profuse, 
exhausting suppuration without rigors, with moderate fever, or by 
purely local reasons, the results may again be comparatively favor- 
able if the powers of the patient have not already been very much 
reduced by suppuration and fever. If many surgeons have ai^serted 
that secondary amputations generally give better results than 
primary, they have almost exclusively had in their minds secondary 
amputations under these last mentioned circumstances. But if we 
consider how many patients with open fractures succumb within the 
first three weeks, how few, therefore, live until a time favorable for 
secondary amputation, I think there can be no doubt that primary 
amputations very decidedly deserve the preference whenever the 

Rlications for amputation immediately after the injury have been 
ar. 1 have, as yet, but very seldom met with indications foi 
B secondary amputations. 
The healing of au open fracture may occur iu very different ways. 
sometimes happens that both tlic wound in the skm and the 
icture heal, without suppuration, by the first intention. This is 
certainly to be regarded as the most favorable case. With the 
modern methods of treatment this occurs more frequently, although 
the conditions required therefor are not often present. It happens 
much more frequently, und this is also to he regarded as very 
favorable, that the wound suppurates to a slight depth only, and 
"lat the suppuration does not extend between and around tlic 
token ends of bone, but that the healing about the bone goes on 
. in a simple suhculaueous fracture. The cases in which the 
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wonnd affects the skin only^ and does not communicate at all with 
the fracture, ought not to be reckoned as compound fractures at 
all ; the boundaries are, however, very difficult to define. 

If the skin wound be large, if the soft parts be much contused 
so that shreds hang from them, if the injury extend deeply between 
the muscles and the bones, or even into the medullary canal of the 
bone, if the fragments lie very obliquely to each other, if half loose 
pieces of bone exist here and there, if longitudinal fissures extend 
far into the bone, the healing process must differ in many respects 
from that without suppuration. The activity of the soft parts will 
remain essentially the same as in subcutaneous fractures with the 
exception that in this case the inflammatory new growth does not 
become callus directly, but that, after the separation of the con- 
tused necrosed shreds, granulations and suppuration occur, the 
former of which become converted into ossifying callus. The form 
of the callus will not vary essentially, except that when the open 
suppurating wound existed for a long time a gap will remain in the 
ring of callus until it becomes closed by the later granulations 
ossifying at the bottom of the wound. The process will, therefore, 
be completed much more slowly that in a subcutaneous fracture, 
just as healing by suppuration requires much more time than 
healing by the first intention. 

But what becomes of the ends of bone which lie in the wound 
partly or entirely denuded of their periosteum ? What becomes of 
larger or smaller pieces of bone completely separated from the main 
bone and attached loosely to the soft parts? Two possibilities 
exist here, as in the soft parts, according as the ends of bone are 
viable or dead. In the former, more frequent case, granulations 
grow directly from the surface of the bone. In the latter case, 
plastic activity ensues in the bone, as in the soft parts, at the 
confines of the living tissue. Interstitial granulations and pus are 
formed, the bone softens, the dead end of bone, the sequestrum, 
comes away. The extent to which this process of separation 
proceeds depends naturally upon the extent to which the circulation 
has been interrupted in the broken end of bone, or in the pieces 
broken off, in consequence of the closing of the vessels. This 
extent may vary greatly ; it may go as far as the superficial layer of 
the injured bone only, and as we call the whole process of separa- 
tion necrosis, so do we call this superficial separation of a layer of 
bone necrosis superfidalis, while we biay call the separation of the 
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entire broken end of m fracture meeroms MoBm; Ae 
necrosis totalis is^ however, sioie in use if we wish to mj 
that the whole diaphjsis of a cyliiidiical bone, or al iort the 
greater part of it has come awaj ; the opporite of tfab if maenn* 
partialis. The opposite of die abofeHDcntioBed ubumm mtpar" 
ficialis, which is also spoken of as exfoHatitm, u, pcoperlj a pfaking, 
necrosis centralis, ix, the process of sepantkm of an ianer portrai 
of the bone. Necrosis saperfidalis and neenMs of the brokea cods 
of bone as well as of the partiallj separated fragments of bone are 
so frequently combined with ^ suppnr a Un g fraetora here ia 
question that we conld not do otherwise than speak of theai bow. 

It will appear strange to jon at first that facuriant vasealar 
granulations should spring from die hard smooth ooitieal sobstaaee 
of a cylindrical bone. From what yon hare been told already it 
will appear possible to yon that the hard bony tissoe slioald 
become dissolved under ths inflnenoe of these plastic proceaMS, and 
that a solution of continuity between the dead and Bring tis sni ia 
may take place spontaneously. We will now follow these prooea a ui 
of the formation of grannUuions in done and of snfipmraliim cftcme 
into their minuter details. 

You will recall to mind, from the detailed description of the 
traumatic suppuration process in soft parts, that this process con- 
centres chiefly, histologically, in a rapid and considerable dilatation 
of the vessels, and in a copious cell infiltration proceeding direcUy 
fit)m the blood. The intercellular substance then becomes soft and 
very vascular and thus is formed the granular tissue, from which 
pus cells constantly make their appearance on the surface. Tbue 
processes can develop themselves in the bone, especially in and 
about the firm cortiod substance of a cylindrical bone, in a very 
small degree only, because the rigid bony substance prevents any 
considerable dilatation of the capillary vessels of the bone contained 
within the Haversian canals, as well as an excessive, acute cell- 
infiltration into the latter. I point out to you here at once that 
necrosis of individual portions of bone may occur much more easily 
with this slight capability of dilatation in the vessels within the 
bony canals than in the soft parts, because, if coagulations of blood 
occur, even in smaller capillary districts, nutrition can be equalised 
but very imperfectly through diUtation of the collateral capillaries, 
and extensive necrosis would occur madi more frequently if the 
danger of stasis were not lessened by the many transvose anasto- 
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moses of the vessels of the bone. Necrosis may also occur in the- 
course of suppuration if the connective tissue and the vessels in the 
Haversian canals suppurate out entirely, i. e. become so strongly 
infiltrated with pus that they lose their vitality and the circulation 
in the bone thus naturally ceases altogether. The development of 
a highly vascular granulation-tissue on the surface of the bone, or 
within the compact bony substance, is only possible, as already 
described, if the bony substance (salts of lime as well as organic 
matter) has previously disappeared at the points where new tissue is 
to take its place ; resolution and removal of the bony tissue must 
take place under the same conditions as in the soft parts (compare 
!Fig. 45). The difference shows itself chiefly in the diflerence of 
the time required ; the development of granulations about and in. 
the bone occurs much more slowly than in the soft parts. I men- 
tioned before that the same process goes on much more slowly in 
the so little vascular tendons than in the connective tissue, the 
muscles, and the skin ; in the bone it is still slower than in the 
tendons. Moreover, the vital energy of the whole individual and 
the consequent so-called degree of vitality of the tissues^ must also* 
be taken into consideration. 



LECTURE XVI. 

Development of granulatUma in bone. Hiatology. — Separation of 
sequestra. Histology. — Neuhformation of hone around the 
separated sequestra. — Callus in suppurating fractures. — Si^ 
purative periostitis and osteomyelitis. — General conditions. — 
Fever. — Treatment ; perforated dressings, closed, cut-open dress- 
ings. — Antiphlogistic means. — Immersion. — Liste/s method. — 
Behaviour ^splinters of bone. — After treatment. 

If a completely exposed portion of bone is about to form granu- 
lations upon its surface (which we can^ of course, only see in com- 
pound fractures when the ends of bone, e. g. on the anterior sur- 
face of the thigh^ are full in sight), we recognise this with the 
naked eye by the following changes. The surface of the bone 
generally retains, in the first eight or ten days after being denuded 
of its periosteum, its yellowish colour, which passes in the last days 
of the period mentioned into a brightish pink. If we then examine 
the surface of the bone with a magnifying glass, we can already 
recognise a large number of fine, red points and stripes, which are 
also visible, a few days later, to the naked eye. These small points 
and stripes increase rapidly in size and grow in breadth and height 
until they become confluent, and then present a complete granular 
surface which unites directly with the granulatioiis of the sorroand'- 
ing soft parts, and afterwards also takes part in the deatrizaiion, so 
that such a cicatrix adheres closely to the bone. 

If we follow this process into its finer, Ustologieal details, wfakb 
must be done chiefly experimentally with the aid ^ bones freed frr/m 
chalk and injected, we arrive at the fbHowing leanlta : if the mrtTn^ 
lation in the Ixme has been matnictoed almost to it# nnrlntAf a 
copious infiltration of oeUs takes pbee in the eonoeethriHtiMNM irhi/4i 
accompanies the Tends in the Harcssian ea»als; tU* ilmm ihm 
grows with the loopa of Tcasda wHA ffsl it^tit^ihrnrnhm Inm 
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the bone towards the surface at those points at which the Haversian 
eanals open outwards. The development of these new granulation- 
masses sideways takes place at the expense of absorbed bony sub- 
stance. If we macerate such a bone with surface-granulations^ its 
surface will resemble that of worm-eaten wood ; in the numerous 
small holes, which all communicate more or less with the Haversian 
canals^ was situated the granular tissue of the fresh^ living bone. 
The surface of the bone does not, however^ remain in this state^ but 
while these bone-granulations become condensed and cicatrised to 
connective tissue on their surface^ they become ossified pretty quickly 
at the deeper points, so that, at the close of the whole healing 
process, the injured bone is not defective at its surface, but, on the 
contrary, appears thickened by external and internal deposit of new 
bony mass. You see that the conditions are here exactly the same 
as in the subcutaneous development of the inflammatory new growth. 
If you refer to fig. 55 and imagine the periosteunl to have been 
removed from the surface of the bone, the new growth will spring 
(in the case before us as granulation) in a fungoid form from the 
Haversian canals. This will at once be more intelligible to you if 
we now examine more minutely the process of the separation of 
necrotic fragments of bone. 

If we now recur to what observation with the naked eye has 
taught us, and assume that we have a portion of the cranium partly 
deprived of soft parts before us, we shall, in case no granulations, as 
described above, are growing from the bone, observe the following 
phenomena : while the surrounding parts and also the portions of 
the bone which have remained covered with periosteum have already 
formed copious granulations and are secreting pus, the dead portion 
of bone remains of a pure white colour, or assumes, perhaps, a grey 
er even blackish tint. It continues many weeks, often two montlui 
and more, in this condition ; it is surrounded by the most exuberant 
granulations ; cicatrisation has already commenced at the periphery 
ef the wound, and one cannot yet at all see what will happen, since 
the surface of the bone perhaps still presents the same appearance in 
the sixth week as on the first day after the injury. Some day, at 
kst, we feel the bone and find that it is moveable ; after a few 
attempts, we succeed in inserting the point of a pair of forceps 
under its edge and raise up a thin plate of bone, under which we 
observe luxuriant granulations ; the under surface of the plate of 
bones is very rough, as if worm-eaten. The healing process now 



SEPABATIQK OF SEQUESISA. 



aD 



goes on rapidly. It is often long, of eoone, bclloR 
becomes durable and firm, so as to be able to 
as pressure and fnctioHf but die baling 
favorably. This is the prooeaa which we aH ueerotit 
or exfoliation of a bone (fig. 60). 



Fie. 6a 





Separation of a saperficial portion of a flat booe {e.g. of the cnuiui) Lud 
bare by an injury and become necrotic. Necrosis saperfidalii. a^ the gEunla- 
tions growing from the living part of the bone undermine the dead (wexiiaSlj 
lined) piece, the seqaestrum; 6, the aeqiiestrnm is modi eaten away froM 
below by the granulations, which have broken throogh it at lereral poiata. 
Diagrammatic drawing ; natoral size. 



We are already familiar with Uiis process in the soft parts ; large 
shreds of tissue hang from the contused wounds during the fiirst 
week^ while an interstitial devdopment of granulations occurs at 
the border of the healthy parts and throws off the dead tissues ; the 
process is the same hett. These processes are easily investigated 
anatomically in bones deprived of their salts of lime. The inflam- 
matory new-growth (the granular tiwue) develops itself at the 
border of the sound parts in the Havernan canals. The (billowing 
plate (fig. 61) will render this process intdligible to you in its his- 
tological details. 

If you have rightly comprehended what I have just said^ it will 
require only a very slight effort of imagination to picture to your- 
selves how the same process of sepaiation of a piece of bone may 
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extend to the wbole thickness of a bone, bow, therefore, (and here 
we come back to compound fractures again), the broken end of a bone 
may, in a longer or shorter interval of time, become separated 
entirely if it is no longer viable. Such a process lasts many months 
if the thickness of the bone in question be rery considerable, but 
we may eventually find even large pieces equ^y as loose in the 
woond as a saperficial plate of bone and lift them out. 




Separation of a Decrotio portion of bone from the cortical Ujer of a i^liii' 
driol bone. Disgrammatic drawing. Magnified 300 timet, a, necrotic portioi 
of bone ; b, living bone ; e, new growtb in the Haversian caaale, by means o 
which the dead portion of bone is sepamted. Compare Fig. 39. 



As regards the splinters of bone entirely broken off and con- 
nected with soft parts only, their further destiny depends upon the 
extent to which the circuUtion has been kept up in tbem, i.e. bow 
far they are still viable. If they are quite dead, they become com- 
pletely separated eventoaUy by suppuration of the soft parts adhering 
to them and often keep up, as foreign bodies, irritation and copious 
suppuration of the wound. If Ibey are still viable, they form 
granulations on their free surfaces which afterwards become ossi- 
fied and unite with the general callus formed around the broken 
ends of bone. 



OALLCa IN SUPFDRATINa FBAOTtTBES. 

To enable you to represent to yourselves Ijow the c&Uns-formation 
atands in relation to this process of separation, I have made tlie 
following diagrsm {fig. 63}. 







f noLure of a cjtiudrjcal bone nrltli nn external wound. Displacement and 
if both ends of bone. Longitudinal sectioD. Diagrammatic drawing. 
Nalurul sine. cb. Bone. //// Soft parts of ihe eslremitj. a o o a. Necrotic 
ends of hone. The very darki; lined portion represents the granulations 
whjcli line Die CBTJtj (d) opening ontwards and secrete pus, & i. Internal 
botli gomewbat displnced ends of bone. ee. External callus. 



The fragments of the broken bone have not been re-adjnsted' 
ixactly, but are displaced someifhat laterally. The ends of the 
fragments have both become necrotic, and are near separation by 
exuberant interstitial granalations at the border of the living bone. 
The whole wound is lined with granulations secreting pus, which 
passes out at (J). In both fragments, an internal callns (A li) has 
been formed, which has not coalesced everywhere, however, on 
account of the suppuration of the surfaces of fracture ; the external 
ealluB (ec) is irregular and interrupted at (rf), because the pus could 
escape outwards here from the first. Now, if the granulations 
grow so freely tiiat they fill up the whole cavity and then become 
osKified, the henhng process would thus be completed and the final 
result he exactly the same as in the case of subcutaneous fractures. 



dk 
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To render this possible, the necrotic ends of bone mnst be removed, 
for experience has shown that they cannot become enclosed in the 
bonj cicatrix. This elimination of the sequestra takes place either 
bj absorption, or by artificial removal ontwards; He former it 
more common miA smaller, the latter with larger lequestra; bat so 
long as sequestra remain between the granolations of the fragments, 
the healing process will certainly not be completed. Since the 
opening at (rf) may become very narrow from free development of 
llie external callus, the artificial removal of the necrotic ends of bone 
may sometimes be very difBcult. We ascertain by examination 
with a sound whether anch sequestra exist at the bottom of the 
wound and whether they are loose. If yon imagine the seqaeatra 
{a a) (fig. 62] removed from the cavity of the wound, no further 
obstacle exists to the filling up of the wound by granulations and to 
their consequent ossification. In compound fractures, snch se- 
questra are very frequently the cause, not only of fresh exacerbations 
of the aciite, suppurative inflammatory processes, but abo of attacks 
of subcutaneous and chronic periostitis, with 
persistent, hard cedema of the extremity 
and troublesome eczematous eruptions on 
the skin of the latter, as well as of long- 
continuing bony fistnls and ulcerative pro- 
cesses about the broken ends of bone. These 
sequestra have the double inflaence of a 
foreign body and of a sometimes more local> 
sometimes more general pus-infection. 

We may here speak by the way of the 
eonditiong obtaining about the botie tfter a* 
amputation. If you imagine fig. 62 cut 
across at the point of fracture and the lower 
half removed, the conditions would be the 
same as after an amputation. Either tfae 
bone now throws out granulations imme- 
diately from its wounded surface, or a piece 
of it (the sawn surface) becomes necrotic toa 
Ampulslbn-atomp ot greater or less extent (fig. 63). However this 
tbuch with necrosis of ° , _.i. ^,1. l 1* t n \ 

sawn surface ""^^ "^> * lew-growth (the half of a caUns) 

will certainly be formed as well in the me- 
dullary canal as externally on the bone, and will eventnally becmie 
ossified; if yon examine an ampatation-stump after some mondi^ 
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you find the medullary canal closed by a bony mass, as well as 
thickened by external deposit. I may remark here that the nam& 
callus is used almost exclusively for the bony new- growth in casea 
of fracture, while the name of osteophytes is given to the bony 
new-growths which may form on the surface of the bones under 
the most varied circumstances ; callus and osteophytes, therefore, do 
not differ essentially in any respect, being both of them expressions 
for new formations of bone. 

There are two constituents of bone which we have left out of 
consideration, so far, when speaking of the process of suppuration, 
viz. the periosteum and the medulla. We have seen, when treating 
of the development of callus, that the periosteum also takes an 
active part in the formation of the new bony mass. If, however,, 
the suppurative inflammation spreads considerably in open, suppu- 
rating fractures, in consequence of extensive contusion, a great 
portion of the periosteum may also partly become necrotic, and 
partly be destroyed by suppuration, and we find, in such cases, 
extensive suppurative periostitis ; the greater part of a cylindrical 
bone, e, g. of the tibia, may be bathed in pus. The bone cut off^ 
from its connection with the surrounding soft parts is thus deprived 
of its supply of blood from the surface, and just in this way exten- 
sive necrosis of the bone may occur in consequence of the suppu- 
rative periostitis. These local dangers are, however, to be regarded 
as slight in comparison to those which such deep-seated suppurations 
bring with them for the whole organism, and which we shall have ta 
speak of very much in detail later on. 

Not less may the medulla of a cylindrical bone, as well as of a 
spongy portion of bone, take part in the suppuration. You know 
from what has already been said, that in the course of the normal 
healing process in fractures, new bone is formed in the medullary 
canal also, and that this canal remains closed thereby for a consi- 
derable time. In open, suppurating fractures, suppuration of the 
medulla also sometimes occurs, which may spread to a greater or 
less extent. Such a suppurative ostemni/elitis is not less dangerous^ 
as well for the existence of the bone as of the whole organism, than 
suppurative periostitis. Various causes may also give it an 
iciiorous character ; the larger veins of the bones which pass out of 
the medulla, may take part in the suppurative process, and this 
disease is tiie more dangerous in its consequences because it goes on 
at a great ^ wf frequently, only be recognised with 
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certainty in the dead body. Suppurative osteomyelitis in itself also 
may lead to partial or even total necrosis of a bone^ and still more if 
it is combined with suppurative periostitis. 

Although it was necessary to make you acquainted with all the 
above-mentioned local complications of open fractures^ I may relieve 
you by adding that it is only in rare cases that they occur to the 
•extent described ; neither total necrosis of both ends of the fracture, 
nor extensive purulent periostitis and osteomyelitis are necessary 
consequences of these fractures^ but fortunately the deep parts often 
heal up in a very simple manner, and it is only externally that there 
is any long continuance of suppuration. Whether a traumatic 
inflammation leading to suppuration will extend beyond the borders 
of the irritation (the injury) depends in these cases, as in simple 
contused wounds, upon the kind and degree of the injury, and sub- 
sequently upon the presence or absence of all those conditions which 
we have learned to recognise as direct or indirect causes of se- 
condary inflammation in wounds. The more extensively the bone is 
shattered (especially in gunshot-wounds) the more serious are all 
the immediate and mediate results of the injury. 

Now a few words as to the general condition of the patient^ 
especially as to the fever which attends complicated fractures. 
While in subcutaneous fractures it is to be regarded as a rare 
occurrence for fever to supervene, in open fractures on the other 
hand, it is only in exceptional cases that this condition is absent. 
If ever the fever obviously depends upon the extent and intensity of 
the local process, such dependence can be easily traced here. As we 
have already mentioned with regard to contused wounds, so in the 
cases before us, every extension of the inflammation is accompanied 
by an increase of fever, the severity of which, generally speaking, is 
in direct proportion to the depth to which the suppuration extends. 
In accidental osteomyelitis and periostitis the temperature of the 
bi)dy not unfrequently rises in the evening above 40 C. (104° Fah.); 
rapid and great increase of temperature associated with shivering is 
unfortunately a not unfrequent sj^mptom ; septicaemia and pyaemia, 
trismus and delirium potatorum are especially prone to accompany 
suppurating fractures, so that I can only repeat here what I have 
already observed at the commencement of the chapter, that in the 
majority of cases any open fracture may be or may become a severe 
and dangerous injury. Hence the greatest precautions and care 
are necessary. I can assure you from my own experience that thq 
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most successfal cure by operation has seldom given me snch 
pleasure as the successful treatment of a severe complicated 
fracture. 

Let us now pass on to the treatment of open fractures. The 
special advantages of firm immoveable dressings having become 
apparent during the last few years, it was natural that thej fihould 
be adopted in modified forms in the treatment of open fractures ; 
indeed, some time ago, Seutin, the inventor of the starch-bandage, 
brought into use the so-called '' fenestrated^' bandage, that is to 
say, he made an opening in the firm starch bandage, corresponding 
to the wound in the soft parts, so as to render this accessible to 
observation and treatment. The primitive forms of these fenestrated 
starch-bandages and of the plaster-bandages which are now very 
often used, were liable, certainly, to great objections, which, how- 
ever, may now be considered as completely overcome. The principal 
objection to the fenestrated bandages was this, that the nnder- 
bandage and wadding which have to be applied under the starch- or 
plaster-bandage, were always very prone to become saturated with 
pus, which, finding its way among the various portions of the 
bandage, decomposed, and became offensive. Extensive experience 
has convinced me that these drawbacks can be overcome ; it is only 
necessary to make the openings large enough, to round off the 
edges of the fenestra by applying strips of linen fastened by gypsum 
and collodion, to give sufficient firmness to the dressing by using 
Bis' position-splints, and by introducing wedges and strips of wood, 
and lastly, to catch the secretion of the wound in vesifels placed 
underneath. If such a dressing remain firm and clean, tlie hixmr 
of its first application is repaid, not only by the brilliant success of 
this method of treatment, but also by the great saving of time in 
the subsequent care of the patient. For a long time in treating 
open fractures I have used the plaster-bandages almost exclusively in 
this way; I applied them first quite closed, as for a simple fracture, 
and immediately slit them up lengthwise, bent the margins some- 
what asunder, and dressed the wound every two days, or daily as 
required, without disturbing the fragments, and continued this 
until the wound was healed ; and then, in conclusion, when neces- 
sary, I applied a fresh and completely closed bandage, and kept it 
on for some time. This method is useful for some cases, and has 
been followed by good results. The essential thing in these 
various manipulations always is, that, after deciding not to ampu- 
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tate^ even the most complicated fractares shonld be placed in the 
plaster-bandage immediately after the injoiy, just as we do with a 
simple fracture^ only with this difference^ that the wound should be 
covered with lint or compresses which have been previously dipped 
in Ooulard-water, a solution of chloride of lime^ or of carbolic add, 
quantities of wadding (two fingers' breadth in thickness) having 
been placed on the extremity^ before the dressing is applied, so 
that the limb may not become strangulated even if swelling 
should ensue. 

When the wound is very great, or when there are several wounds 
at the same time, the difficulty of applying a firm bandage of any 
kind is, under all circumstances, very much increased. If in such 
cases there be extensive and deep-seated suppuration, so that 
numerous counts-openings are required and the number of the 
wounds thus considerably iocreased, it will be impossible to keep on 
the same dressings for any length of time, and we may then perhaps 
be compelled temporarily to return to splints and fracture boxes, which 
must be completely renewed every day. Severe cases of this kind, 
however, as you may infer from what has been said, come very near 
to those in which amputation is necessary, for generally speaking it 
is very doubtful whether union will take place. The more practice 
one has had in the application of the plaster-dressings, the less fire- 
quently will bad accidents occur. Since I have applied the dress- 
ings in the above manner to complicated fractures, diffuse septic 
infiammations and secondary suppurations come under my notice 
much less frequently than before. I am perfectly convinced that the 
treatment of open fractures with plaster-dressings is the best ; but 
a surgeon must study this method, and not suppose that he knows 
it intuitively. 

If a surgeon of the old school were to see our present treatment 
both of simple and complicated fractures, it would seem to him not 
only irrational, but also excessively fool-hardy, for, in by-gone days, 
fractures of bones, like every other injury, were treated with strict 
antiphlogistic measures, all other steps being r^arded as secondary to 
these. It was therefore considered necessary to apply leeches to the 
broken limb in the neighbourhood of the fracture, to keep on cold 
compresses or bladders of ice, and to purge the patient freely. 
Subsequently, in open fractures, when the wounds began to suppu- 
rate, cataplasms were had recourse to, and these were continued 
until the healing was nearly complete. In addition to this a splint 
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;d, aud chaiigeJ about every two or three days, while the 
tad was more or less frequently dressed, according to the 
amount of suppuration. Larrey was one of the first to protest 
against this frequent change of dressbgs in wounds in general and 
especially in open fractures. In more receut times the general 
opinion has been adopted that in the treatment of open fractures, 
an in that of subcutaneous ones, the first condition for the healing 
process to go on satisfactorily is that the fmgments should be fixed 
as accurately as possible, and that nothing is more apt to excite 
inflammation around the wound than movements of the fragments. 
Firm coaptation of these latter is therefore the most important 
and efficacious antiphlogistic which we can employ in these cases. 
We here repeat a remark already mnde, that cold and abstraction of 
blood have no |>rophyiactic antiphlogistic effects, as was formerly 
supposed. "RTien I consider it necessary to apply ice round the 
wound on account of the supervention of progressive inflammation, 
I remove a portion of the plaster- dressing corresponding to the spot 
to which the bladder of ice is t« be applied. Any suppuration tliat 
may take place anywhere about the wound must be dealt with by 
making incisions to facilitate the escape of the secretion. The 
general principles which guide ua in choosing the places fur incision 
are, that the counter-openings should be made where fluctuation is 
most distinctly to be felt, where there are the fewest soft parts to cut 
through, and where the pus will escape most readily without pressure 
from the finger. If we have to make openings in the bandage, this 
may be done most easUy two and three hours after its application. 
After having made openings in the piast«r-bandage corresponding to 
the wound, without thereby disturbing the limb, we separate the 
wadding, remove the lint, and bind the opening carefully ; we then 
with a spatula push some wadding under the borders of the opening, 
so as to prevent the secretion from the wound from infiltrating into 
the dressing. For several years, in treating complicated fractures, I 
liave been leaving all wounds and discharging abscesses quite open, 
and have been very much pleased at the successful results of this 
method. It is true that for the treatment of comphcated fractures 
with plaster-dressings very careful manipulation and the knowledge 
of a large number of details, which can only be obtained at the 
bedside of the patient, are very requisite ; the gift of iuventing 
modificationB of various forms of dressing is also necessary. The 
treatment of an open fracture is often extremely difBcult; every 
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one employs in practice the method he has learnt ; it matters not 
whether plaster, starch, or liquid-glass dressings be employed ; the 
essential thing is that the fragments should remain fixed and at 
rest, and not be disturbed by the dressings ; the patient will then be 
free from pain, and make a good recovery. 

The favorable results of the treatment by immersion in contused 
wounds of the hand and foot have induced some surgeons to adopt 
the same treatment for complicated fractures, at least for those of the 
leg and forearm. Por some years past, in the Berlin surgical clinic, 
attempts have been made to keep the fractured limb covered with a 
fenestrated plaster-bandage in a permanent water-bath ; for this 
purpose the plaster must be made water-tight, by smearing it over 
with cement, solution of shellac, liquid glass, collodion, and the 
like. The results of this treatment arc very highly spoken of. 
This method, however, appears to me quite unsuitable in cases 
where suppurative inflammations occur about the wound, and in 
which the continuous use of the water-bath is in itself injurious. 

In the treatment of open fractures with splints, we generally use 
such as are straight and narrow, and made of wood, sheet iron, 
gutta-percha or some hoUowed-out material ; those, for the lower 
extremity, are fcimished with a foot-piece. In the course of the last 
few years Lister^s treatment has gained great repute, particularly for 
open fractures ; all surgeons are unanimous in its praise. Before 
the appUcation of the prescribed dressing, the wound and the parts 
adjoining are very carefully cleansed with a solution containing 
3 per cent, of carboUc acid, the wound and all its crevices are 
thoroughly washed out with a solution containing 5 per cent, of 
zinc chloride, and thorough drainage is provided for; then the limb 
is fixed by means of a plaster-bandage if the wound is small, and by 
splints where the wound is large. Under this treatment the suppura- 
tion is but slight if decomposition of the secretion of the wound is 
successfully prevented, purulent periostitis and osteomyelitis are by 
no means prone to invade the broken ends of the bone, and thus 
the most serious cause of secondary necrosis is obviated. In the 
extremely small number of open fractures, which occur here in my 
clinic, I have not had an opportunity of giving an extensive trial to 
this method in these cases ; I may, however, recommend it to you 
most earnestly. 

We commenced our account of the treatment of complicated 
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by describing the dressing, und I must now add a few 
with regard to the first (^xamiuatioii. The diagnosis of com- 
plicated fnictares is made in the SBine way as that of simple ones. 
It is in many cases quite unncci'twary and only injurious to introduce 
the fingers into the wound ; it is only when we may expect that 
there arc loose splinters of bone, ne, for example, in gunshot 
fractarcB, or when we think we can feel splinters, or can see them, 
that we should attempt to draw these out ; the less you find it re- 
quisite to examine the wound t)ie better. All firmly adherent splinters 
of bone are allowed to remain ; the sawing-off of pointed ends of 
fragments (primary resection of the fragmenls) may occasionally be 
desirable ; 1 have only had occasion to do this when, even under 
chloroform, it was found impossible to replace and fix the fragments. 
The rejtlacement of the fragments must be done in the most accurate 
manner before the application of the dressing, subsequent bending 
and pulling are decidedly to be avoided, and, if necessarv on account 
of great dislocation, tliey should he postponed until the wound is 
hejilud. In like manner, it is quite iiujiruper and useless at this 
early period ttt attempt to detach by iraction any semi-adherent 
splinters of bone ; a piece of dead bone attached to the periosteum or 
other soft parts is gradually detached spoutaneousiy, and then may 
be taken away. It occasionally happens that several weeks after 
the injury great swellmg sets in, with profuse suppuration and 
violent fever ; in such eases partial necrosis of sharp fragments may 
possibly be the exciting cause of the symptoms; ne should then 
make an attempt under chloroform to remove the offending splinters. 
If there arc no such detinite causes for fresh examination of the 
vonnd, there is no need to use probes in order to discover dead 
eptbters, until the wound becomes as free from irritation as a 
clirooic bone fistula, aud then the examiDation should be made with 
the greatest care and with very clean inslrunieiits. If there be an 
extensive necrosis of one or both fractured ends, the extraction of 
the dead portions of bone may present some difficulty; we should 
then have recourse to the same operation aa for necrosis in general, 
of which we shall speak later on, when treating of diseases of the 
bones ; this, however, should not ho done until the process has 
passed into i|uile a chronic stage. 

As regards the length of time required for the healmg |iroceM of 
complicated fractures, this is always greater thau fur the simple 
VArietics ; indeed, in protracted suppuration it occasionally happens 
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that more than double the time is required as compared with simple 
fracture. We have to decide this by manual examination^ and 
until the fracture is completely consolidated we should certainly not 
allow the patient to make attempts at walking. The disappearance 
of the callus^ its condensation^ its atrophy externally, and its 
Absorption until the medullary cavity is restored, go on in just the 
same way as in simple subcutaneous fractures. The treatment of 
complicated fractures is one of the most difficult subjects in the 
whole of surgery ; we are never too old to learn more about it. 
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i Setarded formation of ealUes and development of pteudartArotii. 
— Causes oflen uninoum. — Local condiliona, — Constitutional 

eauset. — ■Anaiomical cmditunu. — Treatment ; internal, operative 
measurea; crilieism of methods employed. — 3. Obliquely-united 

■ fraclures; rebreaking, bloody operutions, — Abnormal develop- 

, ment of callus. 

, Retarded ilevelopmeni of callus and formation (f a false Joint, 
a so-called " paeitdarthrosis." 

Undek certaiD circmnatances, which we do not always understand, 
a fracture treated in the usual manner does not become consolidated 
after the usual time has elapsed ; indeed, it may not become con- 
solidated at nil, but the seat of fracture may remain perfectly pain- 
less and very movable, so that, as may be easily understood, the 
ftmctions of the limb may be impaired to such a degree as to render 
the latter completely useless. A short time ago a strong peasant boy 
was admitted into hospital with simple subcutaneous fracture of the 
leg, without dislocation; a plaster-bandage was applied as usual 
and renewed in fourteen days' time. Six weeks after the fracture had 
occurred the whole of the dressing was removed, under the expecta- 
tion that union of the bones had taken place ; but the fractured spot 
was still perfectly movable, aiid no formation of callus could be felt 
externally. I here had recourse to the simplest means in such 
cases — I placed the patient under chloroform, and then rubbed the 
fragments forcibly together until crepitation could be very distinctly 
perceived ; then 1 again applied a plaster -dressing, and on removing 
this in four weeks' time I found the fracture already tolerably firm. 
I placed the patient in a fracture box, and, without putting any 
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bandage on the leg, had its anterior surface painted over daily with 
strong tincture of iodine, a remedy which is sometimes successful 
even without any previous rubbing together of the fragments. 
After this had been continued for fourteen days I found that the 
fracture was perfectly firm ; the patient now stood with the assist- 
ance of crutches, and a short time afterwards was discharged from 
hospital cured. Several cases have come under my notice in the 
practice of my colleagues, in which perfectly simple fractures in very 
healthy young persons did not become consolidated, but resulted in 
pseudarthrosis. Such occurrences are to be considered, as a general 
rule, very rare ; usually there are some very definite causes, some- 
times diseases of the bones, to account for the formation of a 
pseudarthrosis. Experience teaches us that there are certain 
fractures of the human skeleton which for various reasons scarcely 
ever become united by bony callus ; among these are the intra- 
capsular fractures of the neck of the femur and neck of the humerus, 
and fractures of the olecranon and the patella. When broken 
transversely the two last-named bones separate so far that the bony 
substance formed by both ends cannot meet, so that only a cicatricial 
ligamentous union can take place between the portions. The head 
of the femur, if fractured within the capsule, still has, it is true, a 
supply of blood through a small artery which enters it through the 
ligamentum teres, but this source of nutrition is very slight, and 
consequently the production of bone from the small fragment is very 
inconsiderable. In a fracture of the head of the humerus withia 
the capsule of the joint, if the rare case should occur that a piece of 
the head is completely detached from the rest of the bone, this por- 
tion will receive no supply of blood, and will therefore act as a 
foreign body in the organism, and its union can scarcely be expected. 
In the above examples we consider non-union to be so much the 
rule that, generally speaking, we do not describe such cases as 
instances of pseudarthrosis. I mention, however, these cases in 
order to show you that there may be purely local causes predisposing to 
pseudarthrosis ; among these there is especially the complete loss of 
large portions of bone, after the removal of which in open fractures 
a defect may exist so large as not to be again completely filled up 
by newly formed bone-tissue. Very protracted suppuration with 
ulcerative destruction and extensive detachment of the ends of 
fragments may likewise give rise to pseudarthrosis. Moreover^ the 
treatment is occasionally blamed as the cause ; too loose a dressing 
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' none at all, movement made too soon, are causes wliicli may 
mand consideration. It has also bern asserted that the too pro- 
Biged &p|)licat]on of intense cold, the simuitaneoas ligation of large 
rriftl trunks, and, lastly, a dressing too tightly applied, are all of 
Km obstacles to Llie development of a sufficient amount of bony 
All these, however, are in themselves by no means necessary 
mditiona for the fornaation of pscudarthrosis, but they may 
iontribute as »<econdary causes in patients whose organism, owing 
to the general state of the nutrition, is predisposed to the formation 
of pscudarthrosis after fracture. 

Among the general predispositions and diseases of bone the 
following may be mentioned as predisposing to pseudartbrosia — a 
very low state of the nutrition ; debility resulting from repeated 
Bses of blood; specilic diseases of the blood, such as scorbutus or 
e cancerous cacheiia. Of the diseases of the bones it is chiefly 
I osteomalacia, atrophy of the cortical substance, with enlarge- 
!ut of the medulbiTy cavity, in uhicb, as before mentioned, tbere 
b in certain stages not only cunsidembte frngilitns o^sium, but also 
Bry slight chance of reunion after fracture. I have stated all this 
b you because of its pretty general acceptation, although on minute 
Ititical examination some of the above-mentioned pri'disposing causes 
I pseudartbrosia appear to be of very doubtful value, while the 
[uificance of others has been well established. In the same way 
it is, among other things, a wide-spread belief that fractures do not 
become consolidated in pregnant women. This docs not hold good 
p all cases ; I myself have seen numerous fractures completely unite 
h'pregnant women ; in one case only the hardening of the callus was 
layed a few weeks in a fracture of the lower end of the raibus, 
li was recognised late, but this may aho occur in non-pregnant 
men and in men. 

K^'hc abaormal variety of the healing process, when pscudarthrosis 

s, does not de|)ciid upon the non-occurrence of any new forma- 

|p> bat on the failure of ossilication in this latter. The substance 

Bcling the fragments together becomes a more or less rigid 

mectivc tiasuC:, by which the ends of the bone are held more or 

i^ closely together according to the distance between them. If 

I fniginvnts lie so close to each other as to come in contact and 

D together when the limb is moved, a cavity, with smooth walls 

and filled with a Little sero-mucous fluid, forms between them in the 

connecting tbsue ; iu some cases also cartilage has been found on 
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the fractured ends^ so that^ in fact^ a kind of new joiot had become 
developed. This, however, does not occur so very frequently, but 
in the majority of cases there is only a firm connecting substance, 
which sinks directly into the fragments like a tendon. The disturb- 
ance of function is always bearable when a pseudarthrosis of this 
kind exists in small bones, as, for example, in the clavicle, or even 
in one of the bones of the forearm, eithei the radius or the uhia; 
but if the separation occurs in the arm, leg, or thigh, there will, as 
a matter of course, be considerable impairment of function. In 
many cases we are able to give the necessary firmness to the limb 
by suitable supporting apparatus ; in other cases we cannot succeed 
in doing this or can only give very partial relief, so that for some 
time past attempts have been made to cure pseudarthrosis by opera- 
tion — that is, to induce ossification. Before we enter upon the 
description of the methods adopted for this purpose, we must mention 
the attempts that have been made both to prevent pseudarthrosis 
by internal remedies, when from any of the above-mentioned reasons 
it seemed likely to occur, and also to cure it when once established* 
Preparations of lime have been principally used for this purpose. 
Phosphate of Ume was given internally in the form of powders, or 
lime-water mixed with milk was administered, but without producing 
any beneficial results. Of the lime introduced into the system in 
this manner but very little is absorbed, and of this superfluous lime 
taken, perhaps, into the blood, much is excreted by the kidneys, so 
that scarcely any benefit results to the pseudarthrosis. More, at 
any rate, may be expected from general regulation of diet and from 
nutrient materials which contain much lime ; we shall return to this 
by and by when treating of rickets. Residence in good country air, 
and milk diet, are to be recommended, but you must not expect too 
much from these measures, certainly nothing in the case of a folly 
formed false joint which has existed for some years. In an interest- 
ing work lately published by Wegner, an extended series of experi- 
ments show that the continuous administration of very small doses 
of phosphorus causes the callus formation around fractures to 
become particularly abundant and firm, and also that when phos- 
phorus is administered to growing animals the newly-formed bony 
tissue becomes extraordinarily firm and hard, and particularly rich 
in lime salts. These experiments strongly induce us to try phos- 
phorus for patients with false joints, especially in the earlier stages. 
As a matter of course the greatest precaution and most careful 
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Dssible aeeondary injurioos elfeds arc 
cessary lu employing a remedy which is so dangerous when care- 
lessly iiW. The local remedies all dm at inducing iuilamrantion 
ill the ends (if the bone and parts around, because experience tenches 
us that the majority of iDflammatory processes in the bones and 
neighboiiring parts induce formation of osseous materia), and that 
this is espcciuUy the case in subcutaneous changes of a traumatic 
origin. The means wliich are usually employed differ very greatly. 
The removal of bniidoges aud dressings from the limb, in order 
not to ])rfvent the development of the eiternal callus by any 
possible ]iressure or obstruction of the circulation due to our appli- 
cations, the rubbing together of the fragments aTid painting witb 
tinctun: of iodine, have been already alluded to. Blistering plaster and 
the hot iron to the skin of the part of the limb corresponding to the 
fracture are also employed as indirect means of irritating the frag- 
ments. By the following remedies we act more dircclly upon the 
ligamentous connecting substance : — Long, thin, acupuncture needles 
are passed iuto the connective ligamentous tissue between the 
fragments and left there for a, few days to set up irritation ; we 
may also connect the free ends of two of these needles with the 
poles of a galvanic battery and pass an electrical current by way of 
an irritant through the connecting bauds of the fragments. This 

Iidure is called " electro- puncture ;" it is but little nsed, but it 
nswered in some eases. We may also introduce a small, thin 
or several threads of silk twisted together, a so-called seton, 
strong ligature through the new-formed substance, and allow 
cords to remain until copious supjmration has set in around 
The operations wliich now follow, and which are very 
rrous, deal more directly with the bones. Tor instance, a thin, 
iiuiruw, but strong knife is passed down to the fracture, and then, 
without enlarging the wound in the skin, the ligamentous tissue is 
slmved with the jwint of the knife, first from one bony fragment, 
and then from the other. This is called "subcutaneous bloody 
freshening " of the fragments. Besides this we may make an inci- 
sion down to the bones, dissect out both fragments, perforate 
them close to the fracture, atid pass a sufficiently thick lead wire 
through the holes thus made ; the ends of the wire are then twisted 
together so aa to bring the fragments into close apposition, Wr 
may also, after having made an incision as before, saw off a thin 
ece from each fragment, and treat the wound thus made as an 
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open fracture, and this operation — resection of the fragments- 
may, in addition, be modified by the application of the suture to 
the bones. Dieffenbach is the originator of the following opera- 
tion : — He makes two small incisions down to the bone and corre- 
sponding to the fragments, which he then perforates close to the 
margins, and then with a hammer drives ivory pegs of suitable 
thickness into the perforations. The result is that a new formation 
of young bony tissue takes place around these foreign bodies in the 
bones, and this, when sufficiently abundant, as it may at any rate 
be sometimes made by repeating this operation as time goes on, is 
enough to cause firm union. I may here mention that these ivory 
pegs, when extracted after a few weeks, look rough and, as it were, 
corroded at the points where they have been in contact with the 
bone, while the cavities in which they lay are almost completely 
filled up with granulations; sometimes the pegs are suffered to 
remain in, and the opemngs through which they have been intro- 
duced Ileal up over them. This proves absolutely that dead bone- 
substance, which ivory really is, may be dissolved and absorbed 
by the growing osseous granulations. We shall hereafter have 
frequent occasion to return to this formerly much contested 
question, which is one of great importance in many diseases of 
bone; the supposed causes of this absorption have been already 
alluded to (p. 253). B. v. Langenbeck has modified this operation 
of Dieffenbach by using for the purpose metal screws instead of 
ivory pegs ; immediately after the operation he fastens these screws 
by means of a bar of steel to a connecting apparatus, which keeps 
the fragments firmly together. Whichever of all these methods 
may be adopted, suitable dressings must sooner or later be also 
applied in order to give firm support to the fragments. 

The methods of operation in pseudarthrosis, of which I have 
mentioned only the principal ones, are, as you see, very numerous^ 
and if the beneficial results corresponded to the number of remedies, 
pseudarthrosis would belong to the most curable class of diseases. 
But both in medicine and surgery you may generally take it for 
granted that the value of the remedies for any given disease is in 
decidedly inverse proportion to their number, and this holds good 
of the case before us. Some cases of pseudarthrosis admit of easy 
and certain cure, others are very intractable, and of the various 
methods at our command not all of them are adapted to similar 
cases. The operations, in the first place, vary as greatly as to the 
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(longei involved, those on limbs with very thick soft parts, parlicu- 
ly in the thigh, being nnich more dangerous than on other parts ; 
les this, as may be readily supposed, the non-bloody operations 
always less dangerous than those which cause bleeding, and 
witli smal) wounds much less dangerous than those with 
Isrge ones. As regards eSiciency and certaJiity, 1 consider that the 
application of a bone-suture and resection give relatively the 
quickest results even in the ivorst cases ; but these operations are 
certainly attended by all the elements of danger of fractures com- 
j)licated by wouuds. The treatment with ivory pegs is leas 
dangerous, except in the thigh, a part in which every operation for 
pseudortbrosis is ha/.ardous, and would, I think, in most cases 
accoinplisli the object if the oiieration were repeated sufficiently 
oft«u. The treatment of these cases may extend over half a year, 
or even longer, 1 myself have seen good results follow from thia 
treatment, as also from the apphcation of sutures to the bones. It 
is true that there are some cases in which, from causes unknown, 
the bones always become soft after intense irritation, instead of 
hardening and forming osteophytes ; psendarthroses in such indi- 
vidoals are incurable. 

In ] ISO udarthr OSes of the thigh the question may senously be 
asked, whether we should not prefer amputation at the false joint, 
tlie prognosis of which in these cases is fnvorabJe, to any other 
dangerous and doubtful operation. This question can only be 
decided by the peculiarities of the individual case. In some cases a 
itabie splint apparatus is preferable to any operation. 



2 . Oi I'u/iteli/ •Kaited ffacttt res. 

Although with the progress made in the treatment of fractures, 
it nowadays rarely occurs that uuiou takes place in so oblique a 
direction as to completely destroy the function of a liuib, still, 
from time to time, wc meet with cases in which, in ^pil^ of 
the greatest care on Ihe part of the surgeon, displacement eaniiot 
be avoided, or else from carelessness or very great restlessnt^ss of 
the |>atient, or loose application of the dressings, &c., a considerable 
obliquity in the position of the fragments is found to remain. In 
lay eases this is ho slight that the patients arc satistied to allow 
^ deformity to remain ; ffi^i^OMbinitAs Uw ]iositiou is desired 
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only in cases where, from considerable obliquity or shortening of a 
foot or hand, the movements are decidedly impaired. We possess 
a number of means by which these deformities may be greatly 
improved, and even quite got rid of. If, during the process of union, 
we notice that the fragments are not accurately adjusted, we may in 
simple subcutaneous fractures endeavour at any time to bring them 
into position. K, in an open fracture, obliquity of the fragments has 
occurred during the first dressing, I strongly advise you not to 
manipulate it with a view to forcible rectification before the wound 
has healed ; you would thus break up the deeper granulations, and 
the most violent inflammation might be again excited. In frac- 
tures with long-<:ontinued suppuration the callua remains soft for 
some time, so that you may always subsequently produce a gradual 
improvement in position by splints suitably padded, first in one 
place, then in another, or perhaps by continued extension by means 
of weights. If the fracture be firmly consolidated in an oblique 
position, we may adopt the following means for its improvement : 

1. We may rectify it by bending the callus, by infraction ; we 
place the patient under chloroform, and attempt to bend the limb 
with the hands at the point of fracture ; if our efforts are success- 
ful, we apply a firm dressing to the limb in its newly improved 
position. This perfectly safe method can only be successful when 
the callus is sufficiently soft to admit of being bent ; it is therefore 
only during a certain time after the fracture that it is available. 

2. Complete breaking up of the ossified callus. This may also 
be sometimes done by the force of the hands alone, but frequently 
we are obliged to have recourse to other mechanical aids. Various 
forms of apparatus have been constructed for this purpose, such as 
lever and screw machines of considerable power ; one of these bears 
the terrible name of " Dysmorphosteopalinklastes " ! All these 
apparatus require to be used with the greatest care, in order to 
avoid too great bruising and mortification of the skin by too 
violent pressure on the spot where the machine acts or where the 
limb rests. Many surgeons look upon these instruments as very 
objectionable, but this they are not. I have twice used, with very 
favorable results, Eizzuli's osteoklast in old obliquely-united frac- 
tures of the leg. 

3. For the obliquely-united fractures of the leg, which are of more 
frequent occcurrence, forcible extension has been employed by A. 
Wagner with very favorable results. He uses the apparatus of 
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Schneider and Mcucl, which we alao employ for reducing old disloca- 
tions. The mechanical effects orsachaii extension will be easily utidcr- 
wd by the following illustration: — Take a moderately bent rod, let a 
rung man take hold of each end and pull, the rod will then break, 
s^uently at the spot where it is most bent. A new fracture of 
the thigh having been thus produced at the bent spot by indirect 
force, and the fragments adjusted iu a straight position, a plaster 
indagc ia then at ouce applied while the IJmb is still kept 
btended by the apparatus. As far as out present experience goes 
Rtis method appears to be thoroughly free from danger, but only to 
e adapted fur the thigh. In one case in which a fracture of the 
leg was united at a very oblique angle I recommended this method, 
but the extension produced a fracture, not on the old spot, but close 
beside it. 

4. The bloody operations on the bone are more serious, although 
when performed on the leg they are much less dangerous than was 
formerly supposed. Of these there are two ; the tirst is the subcu- 
taneous osteotomy of B. von Langenbecfc, This consists in 
making a small incision down to the bone corresponding to the 
bent spot, introducing a medium- sized gimlet through iLts 
opening, and perforating the bones, without, however, making an 
opening through the soft parts on the opposite side. The perfo- 
rator is then withdrawn, and through the perforation a small fine 
saw is passes! ; with this the bone is sawn transversely, Srst on one 
aide, then on the other, until the rest of the bone can he broken 
through with the hand ; now the bones are to be placed in a straight 
wition, and the injury treated as a complicated fracture. This 
jeration has hitherto only been performed on the leg, but, so far 
1 1 know, always with good results. It can also be performed in 
this way, by not making the adjustment until suppuration has set in, 
and the callus thereby become softened and partly absorbed ; also 
instead of v. Langenbeck's instruments and apparatus, we may 
with advantage follow Gross's recommendation, and use a fine 
chisel to separate the callus from a small exposed portion of the 

Ine. Even on tbc thigh the chisel has thus been repeatedly used 
the [lerformancc of osteotomy with favorable results. 
5. Lastly, wu may also employ Rbea Barton's method, which 
nsists in eX]iosing the hone by a free incision through the akin 
FTGspondtDg to the spot where oblique union has taken place. A 
idgc-shapcd piece is then sawn out of the bone in such a way that 
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the broad end of the wedge corresponds to the convexity and it» 
apex to the concavity of the abnormal curvature. This method has 
also exhibited favorable results. 

On the whole, the non-bloody methods^ if they do not necessitate 
too much contusion^ are to be preferred to those which cause 
bleeding. 

If the deformity^ especially of a foot^ be so great in different 
directions that none of the above-mentioned methods offers suffi- 
cient prospect of cure, we may, in some cases, even be obliged to 
have recourse to amputation. 

We meet with a few cases in which the callus is altogether 
abnormally thick and extensive, just as occurs in cicatrices of the 
skin and nerves. We must not resort too hastily to operations in 
such casesj for a slow subsequent ^ibsorption usually takes place in 
all callus. The removal of such masses of callus could only be 
effected with chisel or saw. I should, however, be unwilling to 
decide on such an operation. 



CHAPTER VII. 
INJURIES OF THE JOINTS. 

Contusion. — Distortion. — Massage {Shampooing). — Opening of the 
Joints and Acute Traumatic Articular Inflammation, — Varie^ 
ties of Course and Terminations* — Treatment. — Anatomical 
Changes. 

HiTHEHTO we have for the most part been considering the 
injuries of simple tissue-elements ; we must now turn our attention 
to the more complicated apparatus of the body. 

The joints, as is well known, are composed of two extremities of 
bone covered with cartilage ; of a sac, the synovial membrane, classed 
among the serous membranes, and frequently containing many 
appendages, pouches, and folds ; and of the fibrous capsule of the 
joints, with its supporting ligaments. Under some circumstances, 
diseases of the joints affect all these parts, so that at the same time 
we may have to deal with disease of a serous membrane, of a 
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fibrous capsule^ as weD as of cartflage and 
which these varioos stivelares paitiapale in tiie dbseaac vmcs 
exceedingly in intcDstj and extent, faol I womj hat remak that 
the synovial membiane and ibe bones phj iht mkoet imp&rtaot 
part in the severe fonas ct joint-diBeases^ and that nkanj pecu- 
liarities of these affections are piindpallT doe to the cJoseid eitate 
and iir^olar form of the synovial sac 

In the first place, a few words about bndsii^ or oontosiaD of tiie 
joints. If a man receives a violent blow on a joint, r iti fi ue pain 
and moderate swelling may ensoe; but in most cases both these 
symptoms will subside^ and the normal function of the joint beoome 
re-established after a few d^s of rest and treatment with applica- 
tions of Groulard water or even simple cold water. In other cases 
slight pain and stiffiiess remain; a chronic infiammatorr process 
becomes set up, which may subsequently lead to severe disease, but 
of this we will not at present speak more fully. ^Vhen we have an 
opportunity of examining a joint whidi has been somewhat oootuied^ 
for instance in a case where a patient has died from serious injuiy 
of some other portion of the body received at the same time, we 
shall find more or less blood extravasated in the synovial membiaoe^ 
or even in the cavity of the joint itself. In these contusions with* 
out fracture these effusions of blood are rarely so extensive as to 
cause the cavity of the joint to be tightly distended ; this, however, 
may occur. This condition is called ^ Hasmarthron '^ (from oi/io, 
blood, and ipOpov, a joint). If a joint that has become much swollen 
immediately after the injury remains painful for a long time, and 
feels hot to the touch, a somewhat more active antiphlogistic treat- 
ment is indicated. The joint should be uniformly covered with a 
wet bandage, which causes moderate compression; if the pain is 
very great and the extravasation considerable, a bladder of ice should 
be applied to the joint. As a general rule, inflammatory processes 
of this grade are readily subdued by such measures as these 
although chronic diseases and a certain irritability of the joint that 
has been injured not unfrequently follow. It is very important to 
determine whether the contusion of the joint is or is not associated 
with a fracture or fissure of the ends of the bones ; if these com- 
plications exist, a plaster-dressing should be applied, and the 
prognosis as to the future usefulness of the limb should be given 
with reserve, due regard being had to the kind of injury. Our 
prognosis as to whether the function of the joint will be sooner or 



304 INJURIES OF THE JOINTS. 

later restored greatly depends upon the presence or absence of injury 
to the bones, and the extent to which this has occurred. In many 
patients after these injuries the pain increases under the prolonged 
application of cold; we may then rub in or paint the part over 
with the Unguentum cinereum, and apply warm and moist compresses 
covered with gutta-percha tissue and wadding. 

A form of injury peculiar to joints is distortion (literally, 
twisting). This is an injury to which the foot is particularly liable; 
people usually say that they have given their foot " a twist.^' A 
distortion of this kind, which, however, may occur in almost any 
joint, consists essentially in a tension, too great stretching, and even 
partial rupture of the capsular ligaments with escape of some 
amount of blood into the joint and surrounding tissues. The 
injury may at the time be very painful, and its consequences not 
unfrequently are excessively tedious, especially when the treatment 
is not properly conducted. In these cases, abstraction of blood 
and cold are commonly employed, but with only temporary benefit. 
It is far more important to keep the limb perfectly at rest after 
such injuries, so that any of the ligaments which have been torn 
may heal and acquire their normal firmness. The simplest way 
of obtaining this object is to apply a firm dressing, such as a 
plaster-bandage, with which we may allow the patient to go about, 
if this causes him no pain. After ten, twelve, or fourteen days, 
according to the severity of the injury, we may remove the bandage, 
but it should at once be reapplied if the patient has pain on 
walking. It may sometimes be necessary to keep such a bandage 
on for three or four weeks. This seems a very long period of 
treatment for such an injury, but I assure you that without the 
application of a firm dressing the consequences of these injuries 
often continue for several months, and in this way the danger of 
subsequent chronic inflammation of the joint is much increased. 
Your prognosis, therefore, must not be too favorable as to a rapid 
cure of these sprains, and the treatment of these often apparently 
insignificant injuries must be scrupulously and carefully conducted. 

Bubbing the joint and kneading the extravasated blood, im- 
mediately after the injury, are measures which have been very highly 
lauded by many surgeons ; these are old popular remedies which 
were employed even by the Greek gymnasts. This method of treat- 
ment is now called massage, which means rubbing and kneading 
(shampooing). Wonderful stories are told of the effect of this 
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lod, particularty as regards rapid absorption of ellusioiis and 
ipecdy restoration uf fuuctloti. lu the first four or six hours after 
tlie injury the. resoivciit effects of the massage are certainly most 
marked; later on, when acufp iiitlammatioii has act in, I should 
^ be less inclined to advise it, bat we may persevere with it energeti- 
llly, when the acute iitUammatory swelling has subsided. 
. UnTortuiiately it pretty frequently happens that, even if sprains 
*«te treated with the greatest care, chronic inflammations result; 
these are not only troublesome by reason of their obstinacy, but 
slowly Slid gradually in the course of years lead to destruction of 
the joint; this occurs not unfreqaently, especiaily in children and 
badly devclo]>ed persons of a scrofulous or tuberculous diathesis. 
AVe shall subsequently return to these cases when discussing the 
^^^^logy of chronic iutlammations. 



Openinga of the Joints, aiul Acute Traumatic Articular 
Ivflamimthn. 



' "Wc now pass to wounds of the joints — a class of injuries very 
much more important than those which we have just now con- 
sidered. While coutusions and sprains of the joints are scarcely 
notice<l by many patients, the opening of the synovial sac witli 
escape of synovia, even if the wound be not large, is always a 
severe injury, often interfering with the function of the joint, and 
not unfreqaently dangerous to life. The difference between sub- 
cutaneous traumatic inflammations and those which open eiternally, 
to which we alluded when speaking of contusions, is here again 
an important point to he considered, just as was the case in the 
difference between subcutaneous and 0|>en fractures. But besides 
this, wfi have in the joints to deal with irregularly -shaped, closed 
sacs, in which the pus once formed remains, and where also the 
iiifiummntion of the serous membranes m an acute form has often a 
very injurious effect on the general condition of tlie patient, and 
even in more favorable cases may result in very tedious processes. 

We are now speakiug only of simple punctured or incised wounds, 
such ns are done with sharp instruments, without any additional 

KipHcations from sprains or fractures, and we choose as our 
mplt the knee-joint, with regard to which we remark that 
irics to this joint arc, generally speaking, regarded as the most 
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serious of those we are at present considering. I think that the 
quickest way to describe the process will be to give you a case as 
an example. A man comes to you, who^ in cutting wood, has given 
himself a wound near the patella, half an inch long, and which has 
bled but little. This may have happened some hours before, or 
even on the previous day. The patient thinks little of the injury, 
and only wants to know from you how it ought to be dressed. 
You examine the wound, and find that from its position it corre- 
sponds to the capsule of the knee-joint, and around it you may see, 
perhaps, a httle serous, slightly mucous, clear fluid, which escapes in 
greater quantity when the joint is moved. This will cause your 
attention to be particularly directed to the injury. You examine 
the patient, and learn from him that there was not very much 
bleeding immediately after the injury, but that some fluid, like 
fresh white of egg, escaped from the wound. In such a case you 
may be certain that the cavity of the joint has been opened, for 
otherwise the synovia could not have escaped. In small joints the 
escape of synovia is certainly so slight as to be scarcely noticeable; 
hence, in injuries of the small joints of the fingers, and even in 
those of the foot, elbow, and hand, it may for some time be doubt- 
ful whether the wound has penetrated the joint or not. WTien it 
is certain, or at least extremely probable, that the joint has been 
penetrated, the following measures should be at once adopted : — 
The patient must be put to bed and kept quiet, and the wound 
brought together as quickly as possible ; hence the wound of the 
skin, when it has a tendency to gape, is best closed by neatly- 
applied sutures ; for some small wounds of this kind carefully 
applied sticking plaster is sufiicient, or isinglass-plaster painted 
over with collodion. It is now necessary to keep the joint abso- 
lutely quiet; for this purpose, wet bandages should be uniformly 
and tightly applied to the limb from below upwards ; and it is also 
necessary that the whole limb should be securely and firmly fixed 
in an extended position on a hollow splint, or between two bags of 
sand. In most text-books on surgery you will, it is true, find it 
stated that you ought to put on a number of leeches, and to keep 
an ice-bag constantly applied in order to ward off too much inflam- 
mation. But I can assure you that local abstractions of blood and 
the application of cold do not possess this prophylactic, antiphlo- 
gistic power, and that it is time enough to have recourse to ice at a 
somewhat later stage. I have no objectionj however, to apply ke to 
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iDJuriea of the jointe from the very coinincnccmeiit, iiideeil, I rather 
recommend this praoticc, le^t the right moment for its adoption be 
alloweti to pass by. I have also made use of tlie plaster-bandage 
instead of the above dressing ; I npply it, ns for a fracture of the 
knee-joint, from the foot to above the middle of the thigh with a 
position -splint, then cut an opening corresponding to tlie wound 
and the anterior surface of the knee-joint. The re.ralts of this 
treatment, as compared with that of the old regular antiphlogistic 
remedies without n firm bandage, are very striking. Let us return 
to OUT patient. You will find that on the third or fourth day he 
will complain n little of painful temion about the joint, and wilt be 
slightly feverish ; on applying the hand, the joint feels warmer than 
the healthy one. By the fifth or sixtli day you will have removed 
tlic sutures from the wound, and during the two subsequent days 
the course of events may be in otic of two very different direetions. 
Let us first take the most favorable case, which frcquenlly happens 
under early treatment with tirm dressing^^: the wound will heal 
entirely by first intention, the slight swelling and pain in the joint 
will diminish during the next few days, and finally completely dis- 
appear. If you remove the dressing in three or four weeks' time, 
the joint will be again moveable, and complete recovery ensnes. 

In other cases, however, especially if the patient comes under 
treatment late, the case takes a worse turn. Towards the end of 
the first week after the injury, not. only does the joint become much 
swollen and very hot, but (edema of the leg seta iu ; the patient 
complains of severe pain on being touched, and at every attempt at 
motion; he becomes more feverish, especially towards evening; 
loses Ilis appetite, and begins to emaciate. At the same time the 
wound may be healed by primary intention, or first a sero-mucous, 
and then purulent secretion escapes from it. But even should this 
not occur, the above symptoms — namely, the swelhng of the joint 
with distinct fluctuation, the great [lain, the increased teuiperalure, 
the cedema of the leg, the increased fever — all point to acute, 
somewhat intense inilammation of the joint. If in such cases the 
limb he not fixed, it gradually assumes a fieied position, which, in 
the knee-joint, may increase to quite an acute angle. It is not 
altogether easy to give a reason for this Ueicd position of inflamed 
joints ; but it seems to me most likely that it results frutii retlex 
action, the irritation of the sensory nerves of the inflamed synovial 
membrane being priaci[>nlly conveyed to the motor nerves of the 
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flexor muscles. Another explanation is^ that every joint is capable 
of containing more fluid in a flexed than in an extended position. 
Bonnet proved this experimentally by injecting fluids into joints^ in 
so far as he found that after he had injected fluid into joints of the 
dead body, they were usually brought into a flexed position. These 
experiments^ however, do not seem to me to prove anything as 
regards the flexed position we are considering, inasmuch as it also 
occurs in inflammation of joints where there is certainly no accu- 
mulation of fluid j and, on the other hand, it is frequently absent 
where the quantity of fluid in the joint is very great. Observation) 
at any rate, teaches us positively that acute painful synovitis gene- 
rally produces a flexed position of the affected joint. 

If the above symptoms have appeared, the antiphlogistic remedies 
reassert their formerly approved claim ; but we must not forget 
that in addition to this the position of the joint must not be 
neglected, so that in the event of absolute stiffness ensuing, this 
may occur in the position relatively most favorable for the function 
of the joint; for example, the knee-joint should be completely 
extended, while a right-angle position is suitable for the foot and 
elbow-joints. If attention to this point was neglected at the com- 
mencement of the treatment, the error must be corrected by placing 
the patient under chloroform, so that the affected limb may be 
placed without difficulty in the proper position. Among the anti- 
phlogistic remedies under such circumstances, I attach most 
importance to the application of one or more bladders of ice upon 
the inflamed joint, and painting it over with tincture of iodine. 

If the fluid in the joint increases very rapidly, and the tension 
becomes unbearable by the patient, there is imminent risk of 
ulceration of the capsule proceeding from within, and escape of the 
pus into the cellular tissue if it has no free exit through the 
reopened wound ; we may then carefully draw off the fluid with a 
trocar, taking, of course, proper precautions against the entrance of 
air into the cavity of the joint. This tapping of the joint, which 
has been especially recommended for such cases by E. Volkmann, I 
formerly used with good results, and by its means cured, as I 
believe, four successive cases of severe, acute, traumatic inflamma- 
tion of the knee-joint, with complete restoration of mobility. Since 
I have applied the plaster-bandage to simple penetrating wounds of 
joints, I have not, it is true, had recourse to tapping. The patient 
requires none of the so-called internal antiphlogistic remedies; if he 
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cannot sleep at night on account of the pain, we maj give him 
small closes of morphia in the evening. Sy these means we may 
succeed iu cutting short the acuteness of the process even in this 
stage ; hut even then the function of the joint may not be fuUj 
restored, aithougU this may be possible if the suppuration of 
the (synovial membrane remains chiefly superficial, (in tlie catarrhal 
BtngeJ . Frequently, however, the disease passes from the acute to 
a chronic course, the suppuration extends more deeply into the 
tissues, and more or less stiffness will then remain after recovery. 

But, unfortunately, the inflammation, and particularly the forma- 
tion of pus in and about the joint, sometimes extend uncontrollably. 
All we can do then is to dilate the wound, to make new openings 
ki various places, to introduce drainage-tubes, carefully to syringe 
out all the cavities of the wound — in a word, to provide as com- 
pletely as possible for the free and continuous escape of the pus, 
and at the same time to keep the joint fixed and at rest. When 
these bad symptoms occur, we have what is called "panarthritis," 
and the result is complete suppuration and destruction of the 
synovial sac. Ait the communicating synovial sacs do not always 
participate equally in the suppuration ; it may happen that on 
tapping one portion of the joint, serum may escape, at another, pus ; 
thL*; is probably because the swollen synovial membrane closes, like a 
valve, the openings of communication, often narrow, which lead 
from the cavity of the joint to the adjacent sacs. In bad cases the 
suppuration extends to the soft parts of the thigh and leg, and the 
patient becomes thereby more and more exhausted, as also by 
violent attacks of shivering and fever; his face becomes pinched, 
and we are rather at a loss for any further remedies. Becovery is 
possible, however, even in this stage ; the acute suppuration at 
last ceases, iwd the disease becomes chronic, and may so end after 
some mouths, usually with complete stiffness of the joint. In many 
cases we eiideavour in vain to keep up the strength of the patient 
by means of tonics and strengthening remedies; he dies com- 
pletely exhausted in consequence of the repeatedly recurring suppu- 
ration, which may eveu occur at points uncormected with the wound. 
This unfortunate termination can only be prevented by amputation, 
a sad remedy, but one which sometimes saves life in these casea. 
The difficulty here lies in the right choice of the time for operative 
interference ; observations at the bedside, which you will make in 
illie wards, must teach you how far you may venture to trust the 
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strength of your patients in individual cases, so that you may 
determine when the last moment for amputation has arrived. In 
hospitals you will constantly see many such cases die of purulent 
infection (pysemia), whether amputation has been performed or not. 
Lister's method has also been much lauded for the treatment of 
wounds of the joints. In all but very simple cases we are recom- 
mended to introduce a drainage-tube immediately after the injury, to- 
use an injection containing 3 per cent, of carbolic acid, to disinfect 
the wound, as far as possible, if the secretion has already begun to 
decompose, and to conduct the subsequent treatment under the use 
of the spray-apparatus. This treatment should certainly be pursued 
from the very commencement in cases where blood has been 
effused into the joint; if purulent decomposition has already set in, 
the drainage must be more completely provided for, and more 
often repeated, so that the cavity of the joint may be thoroughly 
disinfected. 

In describing traumatic articular inflammation, we have confined 
ourselves to giving you a special case by way of example, and have 
detailed the symptoms and appropriate treatment ; we must there- 
fore now add a few remarks with regard to the pathological 
anatomy as it has been very minutely studied on the dead body, on 
amputated limbs, and by aid of experiments. The disease affects 
chiefly, we may say, indeed, at first exclusively, the synovial mem- 
brane. If, on dissection, this has not been carefully examined, as 
I know from my own experience, it is apt to be regarded as far too 
thin and dehcate a structure. But by examining a knee-joint you 
may readily convince yourselves that this membrane is thicker and 
more succulent at most points than the pleura and peritoneum, 
and is separated from the fibrous capsule of the joint by a loose 
subserous cellular tissue, sometimes abounding in fat, so that you 
may readily detach, as an independent membrane, the synovial sac 
of a knee-joint as far as the cartilages. This membrane consists, as 
is well known, of connective tissue, has on its surface a generally 
simple, pavement epithelium, and contains a considerable capillary 
network close to the surface. Hueter has made investigations with 
regard to the lymphatics of the synovial membrane, and he states 
that these membranes are destitute of such vessels, while the sub- 
synovial tissue is said to be copiously supplied in this respect. 
This result is very surprising, but it has been confirmed by Till- 
manns in the case of rabbits and dogs ; in oxen, on the other hand. 
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he found extensive networks of lymphatics, both on the surface and 
in the deeper layers of the synovial membrane^ The surface of the 
synovial meml>rBue, especially at the aides of the joint, exhibits a, 
nDDiber of villous processes; these have a somewhat well-formecl, 
1 very complicated, capillary network. The synovial membranes 
i with other serous membranes the peeuliarity of secreting, 
1 irritated, a considerable quantity of serum. At the same 
e the vessels become dilated and begin to grow tortuous towards 
) surface; the membrane then loses its smooth and shining 
pearance, and becomes at first cloudy, yellowish -red, subse- 
Uitly more and more red, and velvety on the surface. In most 
s of acute inllammatiou a more or less thick fibrous deposit, 
D-called false membrane, forms on this surface, just as occurs in 

mmation of the pleura and peritoneum. 
Uicroscopical examination of the synovial membrane in this 
e shows that its entire tissue is very copiously infiltrated with 
fells, and that on the surface the accumulation of these structures 
is 90 considerable that the tissue here consists almost entirely of small 
round cells, the most superficial of which have the exact character- 
istics of pns-corpusclea; in the immediate neighbourhood of the much- 
dilated vessels the accumulation of cells is particularly abundant, 
a condition which is probably due to the fact that in acute synovitis 
Uiy white blood-cells wander through the walls of the vessels into 
B tissue, and remaiu in the neighbourhood of the vessels; it also 
i that in these morbid processes red blood-corpnscles pass 
t of the vessels in very considerable rjuantity. The false mem- 
mes are eotirely composed of small round cells, which are kept 
ether by n coagulated fibrous material, of whose origiu from 
inogenous and librinoplastic substance we have already spoken 
I 86). The connective tissue of the membrane has partially 
I its striated character and has a gelatinous mucous consistence, 
> that it very much resembles the intercellular substance of the 
grannlation-tissue. Iri the fluid in the joint which is graduaLy 
becoming cloudy and ])uruloid, there are at lirst a few pos- 
rpusoles, which afterwards increase in number until the fluid gradu- 
J assumes all the characters of pus. Still later on the entire sur- 
e of the synovial membrane becomes so highly vascular that even 
I the naked eye it looks like a spongy, slightly nodular, granu- 
pion surface. 
The condition into which the synovial membrane thus passes 
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is^ in its first stages^ most analogous to acute catarrh of the mucous 
membranes. As long as there has been only superficial suppuration 
without softening of tbe tissue (without ulceration)^ the membrane 
may return to its normal condition; but if the irritation be so 
great that not only are false membranes formed (which may still 
undergo disint^ration)^ but the tissue also of the synovial mem- 
brane becomes the seat of parenchymatous inflammation and even 
suppuration^ formation of a cicatrix can then be tbe only result. 
We have already shown in the description of a typical case of 
suppuration of the knee-joint that pus may penetrate from the 
cavity of the joint into the subcutaneous cellular tissue; this 
undoubtedly occurs^ and almost always at those spots where the 
anatomical conditions are favorable; yet peri-articular purulent 
infiltrations of the subcutaneous cellular tissue sometimes occur 
after penetrating wounds of the joints without being dependent 
upon the passage of pus. We meet with these cases both in acute 
and chronic suppurations of joints without always being able to 
demonstrate any direct communication with the cavity of the joint. 
In accordance with my views on the phlogistic action of pus, I 
think that this suppuration of cellular tissue must be explained by 
the absorption of the quickly-formed poisonous pus by the 
lymphatics of the synovial membrane and its conduction into the 
peri-articular cellular tissue ; this is always accompanied by swelling 
of the neighbouring lymphatic glands. We shall return to this 
when speaking of lymphangitis. It is only at a late period that 
the cartilage participates in the inflammatory process ; its surface 
becomes cloudy^ and^ if the process be very acute^ it begins to 
break up into fine molecules^ or even to become necrosed in larger 
fragments^ and partially detached from the bones by the setting-in 
of inflammation and suppuration between them and the cartilages 
(subchondral ostitis). Although the substance of the cartilage 
with its cells is morphologically not altogether inactive in these 
inflammations^ still I consider that the participation of the cartilage 
in acute panarthritis is^ in essential particulars^ principally a passive 
process of softenings a kind of maceration such as occurs under 
similar circumstances in the cornea when there is severe blenorrhoea 
and diphtheria of the conjunctiva. There are^ indeed^ scarcely any 
other two parts of the human body which in pathological respects 
are so similarly analogous^ as the conjunctiva in its relations to the 
cornea and the synovial membrane in its relations to the cartilage. 
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We shall frequently have occasion to return to this pointy and will 
now leave these pathologico-anatomical studies with which we must 
occupy ourselves still more particularly hereafter. If the acute 
process subsides into a chronic stage and a stiff joint at last results^ 
an anchylosis (from ajKvXriy a bending, because, as a rule, the joint 
becomes stiff in a bent position), it always occurs in the same way in 
all suppurative inflammations of joints. We shall go more minutely 
into this subject when treating of chronic articular inflammations. 



LECTURE XVIII. 

Simple Dislocations — Traumatic^ Congenital, Pathological Luxa- 
tiofis. Subluxations — Etiology — Difficulties in Reduction. 
Treatment, Reduction, After-treatment — Habitual Luxations 
— Old Luxations. Treatment — Complicated Luxations — Con- 
genital Luxations. 

Simple Dislocations, 

By a dislocation (luxatio) we understand that condition of a 
joints in which the two articular ends are either completely or 
almost entirely displaced and no longer occupy their relative posi- 
tion^ the articular capsule being generally lacerated at the same 
time ; this at least is almost always the case in traumatic luxations, 
that is, in those which have occurred in a healthy joint in conse- 
quence of the application of force. Besides these there is a class of 
dislocations called congenital, and another termed spontaneous or 
pathological. The latter result from gradual ulcerative destruction 
of the articular ends of the bones and ligaments, since the former no 
longer oppose sufficient resistance to muscular contraction; we 
shall speak of this later on, as it essentially belongs to the results 
of certain diseases of the joints. At the end of this section we 
shall make a few remarks with regard to congenital luxations. 

At present we shall only describe traumatic luxations. You will 
also hear the term subluxation, which is applied to cases in which 
the articular surfaces are not completely but only partially sepa- 
rated, so that the luxation is incomplete. By complicated luxa- 
tions we understand those which are accompanied either by fractures 
of bone or wounds of the skin, or laceration of large vessels and 
nerves. You must also notice that by general consent we designate 
the lower part of the limb as the part luxated, so that, for example, 
at the shoulder-joint, we do not speak of a luxation of the scapula^ 
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t of the humerus ; at the knee-joint, not of dislocation of the 

-, but of the tibiu, &c. 

fc Lusations, generally speaking, are rare injuries; in some joints 

' arc so uncommon that the whole number of cases known 

»rce!jr, perhaps, reaches half a dozen ; it is asserted that fractures 

are eight times more frequent than dislocations, but it seems to me 

that even this is almost too great a proportion for the latter injuries. 

The distribution of luxations among the different joints varies very 

greatly ; I will make this clear to you by a few figures. According 

to Malgaigne's statistics, among 489 luxations there were 8 of the 

mk, 6a of the lower, 419 of the upper extremity; and among 

i latter, 321 occurred iu the shoulder-joint. You will see from 

5 that the shoulder-joint is the one which is peculiarly liable to 

alocation; this is clearly due to its frequent use and great mobility. 

Dislocations are more frequent in men than in women, for the same 

reasons that we have already adduced for the greater frequency of 

Eractures in men. 

Dislocations may be caused by injuries and simple muscular 
action; cases of the latter kind are rare, but are sometimes ob- 
rved where dislocations have been caused by spasmodic muscular 
ntraction, as, for esample, in epileptics. As in fractures, the 
J causes are divided into direct and indirect. For instance. 
Pa man falls on his shoulder and causes a dislocation, we say that 
B ia produced by direct force ; the same dislocation might occur 
F indirect force, as, for example, when a person falls upon his 
md and elbow-joint, the arm at the time being outstretched, 
liether in one case a dislocation, or in another a fracture, will 
ult depends principally upon the position of the joint and the 
ection and force of the blow; but much also depends upon 
whether the bones or the ligaments give way more readily ; for by 
practising the same manoeuvre on dead bodies of men of various 
ages, we may cause sometimes a fracture, sometimes a dislocation. 
As iu fractures, there are many symptoms of dislocation having 
taken place, some of which may be very evident, and the more so 
the sooner the case is seen after the injury, and the less the dislo- 
cation of the joint is concealed by the infiammatory swelling of the 
soft parts above it. The altered form of the joint is one of the 

It important and striking symptoms, but it leads to a rapid and 
aiu diagnosis only when the eye has been accustomed readily to 
gtiise deviations from the normal form. A correct measurement 
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Yfiih. the eye, accurate knowledge of the normal form — in short, 
some taste for sculpture and sculptural anatomy, so-called artistic 
anatomy — are for this purpose extremely useful. If there are 
extremely slight deviations from the normal form, even the most 
expert will not be able to dispense with a comparison with the 
healthy side, and I must therefore most strongly urge you, if you 
wish to make no mistakes in this matter, always to expose the 
upper or lower half of the body, according to circumstances, and to 
compare the two sides with each other. The best plan is to follow 
with the eye the direction of the supposed dislocated bone, and if 
this line does not strike the articular cavity exactly, you may then, 
in most cases, venture to assume that it is a dislocation ; it might 
•certainly be a fracture close below the articular head of the bonOi 
but this must be determined by manual examination. The 
lengthening or shortening of a limb, its position with regard to the 
trunk, the separation from each other of certain prominent parts of 
the skeleton, often help us in rapidly diagnosing a luxation, at 
ieast with probability. Another symptom visible to the eye is 
bloody ecchymosis of the soft parts — sugillation. This certainly is 
seldom distinct at first, because the blood escaping from the lace- 
rated capsule of the joint only gradually^ perhaps not for several 
days, penetrates under the skin and becomes visible ; in many cases 
the effusion of blood is so slight as not to be noticed. The symptoms 
which the patient complains of are pain and inability to move the 
limb in the normal manner. The pain is never so great as in firac- 
tures, and is only prominently manifest on attempting to move the 
limb. In some cases, patients with luxations are able to perform 
-certain movements with the dislocated limb; but these are only 
possible in certain directions and to a limited extent. Manual 
examination must finally, in most cases, decide the question; by 
its means we must prove that the cavity of the joint is empty, and 
that the head of the bone is at some other point at one side, below^ 
or above, as the case may be. When the soft parts are already 
Tery much swoUen this examination may be extremely difficult, and 
it is frequently necessary to put the patient under chloroform in 
order to make a proper examination, which it would be difficult to 
do without this assistance on account of the manifestations of pain 
and movements of the patient. On moving the dislocated ex- 
tremity, which we find springy or slightly movable, we sometimes 
perceive a feeling of friction, an indistinct^ soft crepitation. Thk 
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be caused pftrtly by friction of the hem! of the bone against 

lacerated capsular ligaments and tendons, partly by pressure of 

ila. Hence, in such kinds of crepitalion, we should not 

lonce nish to the conclasion that trc have a fracture to deal with, 
;ht to examine the case still mote minutely. Fractures 

certain parts of the articular ends with dislocation are most 
;ily mistaken for luxation. The mode of expression, especially 

former times, was not quite correct on this point, inasmuch as 
displacements ahout joints, which were combined with fractures and 
due only to these, were also designated luxations. Now, we draw 
a sharp line of dislinction between these fractures within the joint 
vitb dislocation and luxations proper. 

Shocdd you be in doubt as to whether you are dealing with a 

located articular fracture or a luxation, you may easily decide 
question by making attempts at rcduclion. If sued a dislooa- 
may be easily reduceil with moderate traction, but at once 
ms to its former state when yon let it alone, it is certain that 
you have a fracture to deal with ; for, on the one hand, a very 
distinct and skilfully conducted manipulation is usually necessary 
for the reduction of dislocations ; on the other, these latter injuries 
when once reduced do not, as a rule, so readily recur, although 
there are some exceptions to this statement. 

Contusion aud sprain of the joint may also be mistaken for dis- 
location, but this error may be avoided bv very careful examination. 
Old traumatic luxations may sometimes be mistaken for dislocations, 
the result of contractions. Lastly, in paralysed limbs in which at 
the same time the capsules of the joints become relaxed, the joints 
themselves may become so excessively movable that in certain 
positions they look as if dislocated. The history of the case and 
careful local examination will in these instances also enable us to 
arrive at a proper conclusion. 

As regards the condition of the injured parts immediately aft«r 
the injury, in those cases in which there has been an opportmiily 
for examination, the capside of the joint and the synovial sac have 
both been found lacerated. The rent in the capsule is of very variable 
size, sometimes a slit like a button-hole, sometimes triangular, with 
more or less ragged edges; the muscles and tendons in the imroi- 
diate neighbourhood of the joint arc also sometimes found ruptured. 
The contusion of the parts varies greatly, as does also the degri-c 
to which blood is effused. The head of the bone does not always 
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remain at the spot to which it has slipped after passing through 
the rent in the capsule ; but in many cases its position is higher, 
lower, or to one side, since the muscles which are attached to it 
cause it to become displaced by their contraction. It is very 
important to know that it is often necessary to bring the dislocated 
head of the bone into another position before we can succeed in 
carrying it back through the torn capsule into the articular cavity. 

It occasionally happens that the injured person himself reduces 
the dislocation by some accidental muscular action. In the 
shoulder especially this has been more than once observed. Such 
spontaneous reductions are, however, very rare, because there are 
usually certain obstacles in the way which have to be overcome in 
skilful reduction. These obstacles consist partly in contraction of the 
muscles, between two of which the head of the bone may thus easily 
be caught. Another far more frequent obstacle is a small opening 
in the capsule, or its occlusion by the soft parts which have become 
forced into it. Lastly, in recent traumatic dislocations the capsular 
or accessory ligaments may be so stretched as to hinder the 
reduction. 

The treatment of a dislocation consists in the first place in its 
skilful reduction, which must be followed by the adoption of means 
calculated to restore the function of the injured limb. We shall 
here only speak of the reduction of dislocations of recent origin, by 
which we understand those that have existed for, at most, eight 
days. The most favorable time for reducing a dislocation is 
immediately after the injury ; we have then the least amount of 
swelling of the soft parts, and little or no displacement of the luxated 
head of the bone from its new position ; the patient is still mentally 
and physically relaxed from the eflFect of the accident, so that the 
reduction not unfrequently is exceedingly easy. Later on we shall 
almost always require chloroform to facilitate the reduction, this 
remedy enabling us to get rid of the resistance offered by the muscles. 
As regards the proper manipulations for the reduction, there is but 
little to be said in a general way, for these, of course, are entirely 
dependent upon the mechanism of the different joints. Formerly 
there was a sort of general rule for the reduction of luxations ; the 
limb was to be brought into the position in which it was at the 
moment of dislocation, so that by traction the head of the bone 
might be replaced in the same way as it had escaped. This rule is 
completely available only for a few cases ; at present for the different 
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luxations we use in preference moTements of Terr Tarioof kinds, 
such as flexion, hyper-extensicm, adduction, abduction, elevation, 
&c. Generally spedung, the surgeon in chai^ of the case directs 
these movements to be made by the assistants, and uses hl« oan 
hand to push the head of the bone into its cavity when it has been 
brought near enough by the proper movements. 

It often happens that the sui^eon alone is able to reduce the 
dislocation ; I myself have reduced several dislocated thighs at which 
various colleagues had worked in vain for hours with the awnst- 
ance of powerful labourers. In these cases, everything depends up<>n 
a correct appreciation of the anatomical conditions, upon practice 
in picturing to our imagination anatomical forms. Vou will 
understand that, in a certain direction, often only slight force is 
required to cause the head of the bone to slip into its place^ while 
it is quite impossible to do this in another diredka. Wb^j the 
head of the bone enters the cavity of the joint, it oocasionally faawm 
a perceptible noise or snap, but this is not alvarii tbe csut^, znd 
restoration of the normal mobility is the only compiet^ pn^A that 
reduction has been accomplished. 

If we do not succeed with one or more manoal *^hrU, wt uiuy 
employ several persons, and apply a loop with a long rol]er't/>w«;l i/t 
the limb and cause traction to be made in a dftfiniu^ direction, Thi« 
traction, which must be opposed by counter-ext^mnon at th^ trunk, 
must be made uniformly and not in jerks* If ^e» thev; iftf^nn are ri//t 
successful, we must have recourse to ijusimrn^fnU t/i in^:r*:SL^. f/ar 
power. Of these there are several kin/Jjt which wer*^ fmsti^y #rffi- 
ployed — levers, screws, ladders, &e. Attl*»r pr^rH^nt 4zr t);^ moitipjy, 
ing pulleys, or the Sckneider-Menel eztemrion apparatut, ar*: stlitt'/wi 
exclusively employed. The pulleys, an inftnuiri^it ff/r ifif:r*"4*itt'/ 
force, with which vou are alreadv familiar from voarrtorfi^ tu uhr^iir*, 
and which is constantly ^m^XtrjtA in mechanics, are u^A in iUin 
way :— one end is fixed to the wall by a stron^^ hf^jk, wbil^ tit*: ot^Mrr 
is applied to the limb by straps and bsidklex. (!/mt^^'*:%U:uMon in 
then made on the body of the patient Vt Yrt!f:ni htm from Sauu^h 
dragged away by the action of the pullets* An nmiAtLtii th^nn iIm; 
cord of the pulleys, the power of which, of ftfmrnf, pr^/j-rf.wively 
increases with the number of rollers employed. Mtufu\i'f'%i**ui'W 
apparatus consists of a large str<mg gall/iws, to the inntr niilaof one 
post of which is attached a windlass which ihmj be fixe/i at any 'tleva' 
tion, and is turned by a handle and cheeked by a trMbeil wheel ; 
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over this windlass runs a broad strap which is attached by a hook 
to the bandage applied to the dislocated extremity. In luxations 
of the lower extremity the patient lies upon a table^ placed length- 
wise between the posts of the gallows^ or for reduction of a dislocated 
arm he sits upon a chair placed in the same way ; counter-extensioii 
is effected by means of straps which fasten the patient to the 
post opposite the windlass. Both these apparatus have certain 
advantages, but their application is troublesome. You will have 
little to do with with them in your practice, as they are almost 
exclusively employed for old-standing luxations, the treatment of 
which is less frequently undertaken in private practice than in 
the surgical wards of hospitals. 

At present, when we undertake forcible reductions of this kind, 
the patient is always first placed under the influence of ansesthetics. 
The anaesthesia must be extremely profound in order to produce 
complete relaxation of the muscles, and inasmuch as the chest is 
often covered with straps and belts for counter-extension, the 
greatest care is necessary, with regard to the quantity of the chloro- 
form administered, in order to avoid dangerous symptoms of 
asphyxia. But besides these, there are also other dangers which 
were known to the older surgeons who did not use chloroform. 
These are as follows : the patient, if subjected for too long a time to 
these forcible manipulations, may suddenly become collapsed, and 
die ; moreover, the limb may become gangrenous from the pressure 
of the straps around it ; or there may be subcutaneous laceration 
of large nerves and vessels, and consequent paralysis, traumatic 
aneurisms, extensive suppurations, and other serious local accidents. 
As regards the consequences of pressure from the bandages, these 
may be best avoided by applying a damp roller to the limb from 
below upwards, and then fastening the straps over this. Inasmuch 
as a somewhat strong, uniformly distributed pressure is thus applied 
to the whole limb, the pressure of the straps close above the joints 
does not prove so injurious. As regards the time during which 
such forcible attempts at reduction should be continued, half-an-hour 
is certainly to be regarded as the maximum ; for if after this time 
has elapsed we are still unsuccessful, we may be pretty well sure 
that the plan will not answer ; and if we wish to make further 
attempts, we must try some other method. As to the amount of 
power which may be used without absolute danger we have no 
proper standard to guide us, and must, therefore, be satisfied with 
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using our own jud^ent. It seeins scarcely possible by the aliove 
meclianical means to tear out an arm or a leg, and yet this has 
frequently occurred, not long ago, indeed, in Paris, in a ca-ie in nhlch 
only manual eiteusion wasemployed. Before this could happen tbe 
straps generally give way, or the buckles bend. Subcutaneous rup- 
tores of nerves and vessels could scarcely be caused on a perfectly 
healthy arm by making uniform tractiou on the whole extremity ; 
but these structures may be torn when adherent to deep cictttrices, 
and so much atrophied as to have lost their normal elasticity. If in 
such cases we could always form an accurate judgment beforehand as 
to the conditions, we should certainly in many cases wholly abstain 
from efforts at reduction ; for the attempt to reduce the dislocation 
with the hands alone is just as likely to produce a rupture of a nerve 
or vessel, and the cause of such an accident cannot, therefore, be 
EO definitely referred to the use of the machinery. There is an 
instrument by which the force employed in the extension can be 
measured ; this is inserted into the extension apparatus, and indi- 
cates the force employed in measures of weight, as is customary in 
physics. According to Malgaigiie, we should not go beyond 
200 kilogrammes (440 ])ounds avoirdupois) with this dynamometer ; 
but such statements are, of course, always only approximative. 

When redactiou has been accomplbbed by any of these methods 
the main point has certainly been gained, but some time is still 
required for the limb to regain its perfect functions. The wound 
in the capsule must heal, and for this purjiose the joint must be 
kept completely at rest for a longer or shorter time. After reduc- 
tion there is always a moderate amount of inihunmation of the 
sycoviid membrane, with slight effusion of fluid into the jomt, 
whicli for some time feels painful, stiff, and awkward. If reduction 
has taken place soon after the injury, as we are now supposing, the 
joint, in the first place, must be kept perfectly quiet ; moist 
bandages are rolled round it, and cold compresses applied; the 
swelling is seldom so great as to require auy other antiphlogistic 
remedies. In the case of the shoulder-joint wc may begin to make 
passive movements after ten or fourteen days, and continue thes* 
until active moveraents iind exercise can he prescribed ; often many 
months elapse before the movements are quite free, the jwwer of 
elevating the arm being that which is always the last to return. In 
other joints, which have somewhat less free mobility, actife move- 
menta may be much earlier permitted ; they axe restored very muak 
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earlier^ for example^ in the elbow- and hip-joints. In the latter 
joint, indeed, the patients may be allowed to move the limb much 
sooner, as luxations do not so readily recur here. 

If active movements be permitted too soon after the rednctioD, 
particularly in those joints in which luxation readily recurs, as, for 
example, the shoulder and lower jaw, and dislocation again takes 
place once or more often before the torn capsule has perfectly 
healed, the result will be either that the capsule of the joint always 
remains partially open, or else the cicatrix will be so distensible 
that if the patient moves the limb at all carelessly, the bone wiQ 
immediately again slip out of its place. We have then that 
condition which is called habitual luxation, very annoying and 
troublesome, particularly in the lower jaw. I knew a woman who 
had suffered from a dislocation of the jaw, and had not been careful 
of it for a sufficient length of time, so that it soon returned and 
had to be again reduced. The capsule was so enlarged that if, 
while eating, she took too large a morsel between the back-teeth, 
the jaw at once slipped out ; she had so accustomed herself to the 
manoeuvre of reducing it that she accomplished this with the 
greatest ease. In the same way habitual luxation may occur in the 
shoulder-joint. I have met in my practice with a young man who, 
when gesticulating violently, had to be especially careful to avoid 
raising his left arm too quickly, because this movement almost 
always produced dislocation of the shoulder. Such a state is very 
troublesome and very difficult to cure ; recovery would be only 
possible by prolonged rest of the joint ; but the patients seldom 
have inclination and perseverance for such treatment. Such 
patients ought to wear a bandage so adapted as to prevent them 
from raising and throwing back the arm too much ; if the luxation 
can be prevented for soine years, it is then not so likely to recur. 

If a simple luxation be not recognised and not reduced, or if, for 
various reasons, we are unsuccessful in our attempts for that 
purpose, a certain amount of mobility is nevertheless gradually 
obtained, and this may be considerably increased by regular use. 
According to the position of the head of the bone with reference to 
the adjacent bony processes, and according to the displacement of 
the muscles, it may be readily understood that, for purely mechanical 
reasons, certain movements will be impossible ; others, however, may 
be performed with almost the normal amount of mobility. If the 
movements do not become methodically restored, the limb remains 
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stiff, tlic tnDHcles atrophjr, and tlie extremity is of little use. The 
anatomical changes which the Joint anil the parts around undergo 
are as folloira : — ^The extravasiited blood becomea absorbed ; th« 
capsuje becomes wrinkled and atrophied ; the head of the bone 
remains against, some other bone ncnr the socket, against the ribs 
for instance, nnder the pecloralis major muscle, in dislocnlion of the 
shouider-joinl inwntds ; the soft parts around the dislocated head 
become infiltrated with plastic material, and converted inlo a 
cicatrieinl connectiTc tissne which partly ossifies so that a' kind of 
bony articular cavity again forms, while the bead of the bone is 
surrounded by a newly formed capsule of connective tissue. The 
following changes, visible to the naked eye, take place in the cartilage 
of the head of the bone ; it becomes rough and fibrous, and adheres, 
by a firm cicatricial connective tissue, to thi.' parts on which it lies. 
As time goes on this adhesion becomes extremely firm, espeeially 
if not disturbed by movements. The metamorphosis of cartilage 
into connective tissue, followed oat miLroseopieally, takes place iu 
this way : the substance of the cnrtitnge breaks up directly into fine 
fibres, SQ that the tissue acquires first the appearance of fibrous 
cartilage, and afterwords of ordinary cicatricial connective tissue, 
which bienils witli the new parts around. In cases in which the 
new joint is diligently used, a very well-formed layer of cartilage 
may develope in the newly formed socket, and even the cartilaginous 
aui^ace of the dislocated head may then be well preserved, and 
eventually be formed anew, Tliis I found to be the case a short 
time ago iu a post-mortem examination ; iu tliis case the deltoid 
muscle was yellowiah in colour from fatty degeneration, the other 
muscles remained perfect. 

In such conditions as these the luxations are said to be old- 
standing, and it is particularly for these that we make use of the 
above-mentioned forcible methods for reduction. The question, as 
to how long a luxation must have existed for its reduction to he 
pronounced impossible, cannot be answered definitely now that ve 
linve the assistance of chioroforin, and the various joints would 
differ much in this respect. A dislocated shoulder, for instance, 
may be reduced after some years have elapsed, whereas it would 
be exceedingly difficidt to n-place a dislocation of the hip of two or 
three montlis' standing. The principal obstacles to reduction ore 
tlie firm adhesions which have formed round the head of the bone 
in ils new position, and the K'ss of extensibility of the muscles due 
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to the waste of their contractile substance, and their degeneration 
into connective tissue. Another question still remains — whether in 
these old luxations, even if reduction is successfully accomplished, 
the function of the joint will also be restored ; this is especially 
important in the shoulder-joint. Supposing that the small socket 
of the joint is completely filled up and covered over with the 
atrophied capsule, and the head of the bone has lost its cartilage, 
even if we succeed in replacing the bone in its natural position, 
restoration of function is nevertheless impossible, and from my own 
experience, I can assure you that the final result of a very trouble- 
some and tedious after-treatment in such cases corresponds in no 
degree to the expenditure of trouble and perseverance on the part of 
the patient and surgeon. The result in these cases will be scarcely 
more favorable than if the patient endeavours to increase the 
usefulness of the limb by methodical movements in its abnormal 
position, which it may have occupied for months or years. Such 
movements may be facilitated and assisted by pkcing the patient 
under chloroform, and breaking up the adhesions round the head of 
the bone by forcible movements of rotation. If the head, as happens 
sometimes in rare cases at the shoulder-joint, in its abnormal 
position, so presses upon the brachial plexus as to cause paralysis 
of the arm, we may, supposing that reduction is impossible, treat 
this by making an incision down to the head of the bone, dissect this 
out, and saw it ofi*, that is, perform resection proper of the head of 
the humerus. I have seen a case of complete paralysis of the arm 
following dislocation of the humerus downwards and inwards ; the 
above-mentioned operation produced considerable improvement of 
the function of the limb, though not a complete cure of the 
paralysis. 

Complicated Dialocatiom. 

A dislocation may be complicated in various ways ; most frequently 
with fractures of separate portions, or of the entire head of the 
bone. In such cases, which are very difficult to diagnosticate, and 
in which replacement is often only partial and incomplete, the 
treatment must always be carried out with reference to the fracture, 
that is, the dressings must be continued until the fracture has 
united. It is at the same time desirable to renew the dressings 
more frequently, perhaps every eight days, and to apply them each 
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time in a different place, so thii tlie joist mqr not heecmt stiff. 
We do not, however, always sneceed in ob tainiiig compfele moUbPf, 
80 that I can only reoommend yoo in pneliee always to kl 
your prognosis be doabtfol as to lestontkm at mMlitj ni sadi 
cases. 

Another complication is a simnltaneons wound at the jcinL It 
may happen, for instance, that the broad articolar eiiicButy of the 
lower epiphysis of the hnmeros, or of the radios, is ao indadlkj 
forced oat of the joint as to tear duoagh the aoft parts and akm, 
and become exposed to view. 

The diagnosis is, of coarse, in sodi eases easy; r^beeaaeiit ia 
effected according to the raks gives above, but we have sdll to 
deal with a woand of the joint of eoDsidefable extent. Tbeie aie 
now all those possibilities of which we have ^kea when tieatii^ 
of wounds of joints, so that with regard to the ptognoaw, the 
varieties of possible terminations, and the tfeatment, I may refler 
yon to what has been alrea^ said (p. 305). The wont easeaafe,of 
coarse, those in which there are open fractures <rf joints ; here we 
can expect neither a rapid healing np <rfthe wound <rf the joint, nor 
a restoration of the function, and all those dangers have to be met 
which menace us in complicated open fractures and wounds of 
joints. It is easy to decide what mast be done in sach eases, 
whenever there is at the same time a ccmsiderable oontonon or 
laceration of the soft parts; under soch drcamstanoes primary 
amputation must be performed. If the soft parU are not nmeb 
injured, we may sometimes hope for a po«ible core bj soppoiatkm, 
with a certainly stiff joint as a resolt. Experience, however, teadies 
us that this is always a somewhat dangerous experiment. In 
accordance with the principles of modem sorgeiy, we may in such 
cases avoid amputation by dissecting out and sawing off the broken 
articular ends, and in this way converting the wound into a simple 
one. This is proper total resection of a joint, an operation which 
in the course of the last few decades has yielded very favorable 
results, and of which we modems are justly proud ; we have been 
thereby enabled in many cases to preserve limbs which, according to 
the maxims of the older surgeons, we should have been compelled to 
amputate. 

The danger of these resections varies very greatly according to 
the joints on which they are performed, so that it is difBcult to 
make any general statements in this respect. In a subsequent 
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section^ however, (in the treatment of chronic fungous and granolous 
diseases of joints), we shall go somewhat minutely into this vay 
important subject : what has been said will suffice to give you, for 
the present, some idea of a resection of a joint. 



Congenital Dislocations, 

Congenital dislocations are rare deformities, and must be care- 
fully distinguished from Inxationes inter partum acquisila, i. e. 
those which may be caused during birth by certain manipulations 
for delivery, and which are really simple traumatic luxations, and 
may be reduced and cured. Although we have on record cases 
of congenital luxations of the majority of the joints of the extremities, 
they are nevertheless particularly prone to occur in the hip-joint, 
and are frequently found on both sides at the same time. The 
head of the bone is placed somewhat above and behind the ace- 
tabulum, but in many cases it may easily be replaced. The defor- 
mity is, as a rule, first noticed when the child begins to walk. 
The principal striking feature is the peculiar waddling gait which 
is caused by the position of the head of the bone behind the ace- 
tabulum, so that the pelvis inclines more forward ; in addition to 
this, the head of the femur in movements of walking often moves 
up and down; pain is always absent. In order to examine the 
child minutely, let it be quite stripped, and carefully observe its 
gait ; then place it on its back in a horizontal position, and com- 
pare the length and position of the two extremities. In dislocation 
of only one side, the limb will be shorter than the other, and the 
foot somewhat turned inwards ; the pelvis being fixed, you will, in 
many cases, be able to reduce the dislocation by simply drawing the 
limb downwards. The anatomical examination of such joints has 
yielded the following results : — Not only is the head of the bone 
dislocated from the socket, but the socket itself is irregularly 
formed, and too shallow ; at a later period, in adults, it is greatly 
compressed and full of fat ; the ligamentum teres, if present, is 
abnormally long ; the head of the bone is not properly developed ; 
in many cases it is scarcely half the normal size ; the cartilage is 
usually perfectly formed, the capsule very large and relaxed. 

Under these circumstances you can imagine that it is exceedingly 
uncertain, in most cases impossible, that a cure can be effected. 
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If the head of the bone is but slightly developed, the upper border 
of the acetabolum absent, the capsule enOTmouslj distended, how 
can the normal condition of things possibly be restored? Teij 
various hypotheses have been advanced as to the origination of 
this peculiar malformation ; up to the present time there has never 
been an opportunity of studying this disease in the embryo. It is 
an instance of arrested formation, the normal development having 
been interfered with in some way or other. It is assumed that 
these disturbances are the result of previous pathological processes 
in the foetus ; and of the many hypotheses the most reasonable is the 
one according to which, at a very early period of embryonic Kfe, 
the joint became filled with an abnormal quantity of fluid, and 
thereby distended, so that, perhaps, a rupture or, at leasts abnormal 
dilatation of the capsule was the result. Boser thinks that ab- 
normal intra-uterine positions may be the cause of these malforma- 
tions. 

Attempts have been made to cure these cases, when, on direct 
examination, a fairly developed head of the bone has been found to 
exist. In such cases the dislocation has been reduced ; and by 
means of dressings and bandages it has been attempted to preserve 
the normal position of the thigh, the child being kept in a position 
of absolute rest for a year or more. This treatment demands very 
great perseverance on the part of the surgeon and parents of the 
child, and the results, according to the experience of trustworthy 
surgeons, are only partially satisfactory, as such a course of treat- 
ment has scarcely ever been followed by improvement in the gait, 
certainly never by a perfect cure ; and if it ever happens to yon 
hereafter to read accounts in orthopaedic pamphlets of numerous 
cures of congenital luxations, you may be quite sure that there have 
been errors of diagnosis in the majority of cases. 

The congenital dislocations of the hip never become dangerous to 
life, but, inasmuch as they are accompanied by a change of the 
centre of gravity in the body, in the course of time they produce an 
eflFect upon the position and curvature of the vertebral column ; 
this and a limping, waddling gait are the only inconveniences which 
result. The idea of any cure can be entertained only in very early 
youth ; but as the surgeon can never promise a successful result, 
even from a course extending over one to three years, it is only 
rarely that patients are subjected to this treatment. 

I will here allude to an extremely rare accident, of which only 
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one instance has at present come under my notice. The tendon of 
the long head of the biceps muscle of the arm may by certain 
movements be caused to slip out of its groove — ^the sulcus inter- 
tubercularis — and to remain against the large or small tubercle ; 
the arm is thus fixed in a slightly abducted position. If the 
shoulder-blade be fixed^ and the tendon relaxed by slowly raising 
up the arm, a sUght rotation of the forearm easily causes the tendon 
to slip back into its groove ; the pain immediately ceases, and all 
movements are restored. For this luxation to occur, the fascia-like 
membrane, which closes the groove and converts it into a canal, 
must, as a matter of course, either be torn or very much relaxed f 
the former is improbable; in great relaxation of the sheath the 
accident is prone to recur with certain movements. In some men 
the covering of the groove, in which the tendon of the tibialis 
posticus muscle lies, is so relaxed that they are able voluntarily to 
dislocate this tendon and also to effect its replacement, which is* 
accompanied by an audible noise. 



LECTURE XIX. 
CHAPTER VIII. 

GUNSHOT WOUNDS. 

Historical remarks. — Injuries from large missiles, — Farious]/orms- 
of gunshot wounds from musJcet balls, — Transport and care 
of tie wounded in the field. — Treatment. — Complicated gun- 
shot fractures. 

A GREAT number of injuries occur ia war that are to be 
classed ammig simple incised, punctured, and contused wounds ; 
gunshot wounds themselves must be classed among contused 
wounds ; they present, however, so many peculiarities as to merit 
a special eonnderation, which will bring us into contact, though 
veij bfiefljr, with the proper domain of military surgery. Since 
firearms were first used in war (1338), gunshot wounds have been 
specially treated of by surgical writers, so that the literature on 
this subject has become very considerable ; indeed, in recent times 
military surgery has been made almost an independent, separate 
branch, for it includes the treatment of soldiers in peace and war, 
the special hygienic and dietetic regulations which play a not 
unimportant part in barracks, in hospitals during peace and war, 
and in the clothing and feeding of troops. Although the Romans, 
as we have mentioned in the introduction, had surgeons previously 
appointed by the State with their armies, it was more the custom in 
the middle ages for commanding officers to take with them a 
private surgeon, who with one or more assistants attended, though 
in a very imperfect manner, to the soldiers after a battle, but then 
went on with the army, leaving the wounded to the care of 
compatsionate people or of the monks, without the commander 
€x the State atwiining any responsibility about them. Only when 
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standing armies were established were surgeons assigned to certain 
battalions and companies^ and regulations made^ and accommodation 
provided, for the care of the wounded, though all this was still very 
imperfect. The position of military surgeons was at that time very 
ignoble, and such as would seem strange now, for even in the time 
of Frederick the Great, the army surgeon was publicly flogged if he 
permitted one of that monarch's tall grenadiers to die. At that 
time, when the troops in action marched at a parade step to meet 
the enemy, all the movements of the army were very tedious and 
slow ; large armies were followed by immense trains ; in the thirty 
years' war, for instance, the soldiers were frequently accompanied by 
their wives and children in an enormous number of wagons ; hence 
in the medical arrangements belonging to the train there was no 
necessity for greater facilities of motion. The tactics which 
Frederick the Great introduced rendered necessary a greater mobiUty 
of the cumbrous trains, but it was only in the French army under 
Napoleon that this was systematically developed. As long as a 
very small portion of country, or a province, remained the seat of 
war during almost a whole campaign, the establishment of a few 
large hospitals in neighbouring cities might suflBce. But when the 
armies moved rapidly after each other, and a battle was fought first 
in one place, then in another, the necessity arose of establishing 
easily movable, so-called " field-hospitals,'' not far distant from the 
field of battle, and which could be easily organised in one place or 
another. These ambulances, or flying field-hospitals, owe their 
origin to one of the greatest of surgeons, Larrey, of whom we have 
formerly spoken. As I shall by-and-bye briefly describe to you 
what is done with the wounded from the battle-field until they 
reach the principal field-hospitals, I will here pass from this subject, 
and mention to you only a few of the many excellent works on 
military surgery. Particularly interesting, not only in a medical 
but also in an historical point of view, are the certainly somewhat 
lengthy ' Memoirs ' of Larrey, in which I particularly recommend 
you to read the campaigns in Egypt and Eussia. These memoirs 
contain all Napoleon's campaigns. Another excellent work we 
possess in English literature, ^ Principles of Military Surgery,' by 
John Hennen, and in German, besides many excellent works of 
older date; 'The Maxims of Military Medicine,' by Stromeyer^ 
which is based principally on the experience of the Schleswig- 
Holstein war; finally, 'Principles of General Military Sargaf|' 
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from BemimBcences of the Wats in the Crimea, and Caucasus, and 
from Hospital Practice/ hj Fitogoff, and also in later times the 
writingB on militai; snrgerj b; v. Langenbeck, Beck, Esmarch, 
Liifflerj Fischer, and others. 

Wounds caused by large missiles, by cannon-balls, grenades, 
bombs, shrapnel, and other mnrderooa weapons of whatever name, 
are sometimes of such a nature that they cause death at once ; in 
other cas^s they tear off whole extremities, or at least so shatter 
them that the question can only be one of amputation. The 
extensive laceration and contusion which these missiles produce do 
not essentially differ from other large crushed wounds, which in the 
present time, in consequence of injories caused by machinery, occur 
but too frequently in civil practice. 

The musket balls, used in modern warfare, differ from each other 
in many respects. Occasionally we meet with the older forms of 
projectiles, quite rounds oval, tapering, and partially hollow, but in 
the cartridge of the majority of modem breech-loading rifles 

Fig. 64. 




(a.) CbusepAt bullet, {b.) Bullet of Fnissiui needle-gun. 
(e.) UitnuUeuu bullet. Natural siie. 



{Chaaaep6t, the needle-gun, the Werder rifle) tiie projectile has an 
elongated form, and is not hollow, bat consists of solid lead. The 
Chassepfit bullet weighs 35 grammes, is z} centimtitres long, 
cylindrical, has its apex rounded off, and is about 1 3 millimetres in 
diameter. The Fnunan ballet wria l w •' onunmes, is acom- 
shaped, a} ceutimMni ka ek. Hba 

projectile of Dm m^ 
Chassepfit, 4 ont 
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metres in diameter. You must not think that the projectile when 
found in the wound has the same form as in the cartridge ; its shape 
is changed partly by the grooves of the gun, partly by the flattening 
caused by the bones, so that we very often find it in the wound a 
shapeless, broken-up mass of lead, from which the original form of 
the bullet can scarcely be recognised. We shall now briefly con- 
sider the various kinds of injuries which may be caused by a bullet, 
and in doing this we shall naturally confine ourselves to the. principal 
forms. 

In one set of cases the bullet causes no wound, but simply a 
contusion of the soft parts, accompanied by great sugillation and 
occasionally subcutaneous fracture. Simple subcutaneous fractures 
are not very uncommon in war ; they are caused generally by spent 
bullets, i.e. such as come from a long distance and have not sufficient 
force to perforate the skin ; such a bullet, striking the parts near 
the liver, may push the skin before it like a finger of a glove, and 
make a depression iu, or rupture of, the liver, and then fall out without 
producing any external wound. Other such ^contusions are caused 
by bullets striking the surface of the skin very obliquely. Firm 
bodies, such as pocket-books, coins, pieces of leather on the uniform^ 
may also prevent the entrance of the bullet. This kind of contused 
wounds, which, when they affect the abdomen or thorax, may be 
followed by very serious consequences, has always attracted the 
attention of surgeons and soldiers; such wounds were formerly 
generally supposed to be the so-called '^ grazing by the wind/' and it 
was thought that they were caused by the bullet passing very dose to 
the body. That injuries could really be caused in this way appeared 
so certain that even very sensible people worried themselves in 
attempting to explain theoretically how such injuries were produced 
by pressure of the wind : sometimes it was said that the air in front 
of and near the bullet was so compressed as to be able to exercise 
enormous pressure ; sometimes the idea was that, from friction in 
the barrel of the gun, the bullet had possibly become charged with 
electricity, and could in some unknown way cause contusion and 
burning at a certain distance. If persons had been able to satisfy 
themselves earlier that the whole idea of grazing by the wind of a 
ball had no foundation in fact, these fantastic theories would not 
have arisen. Contusions from spent and obliquely-striking bulleta 
are to be treated like contusions in general, according to the principles, 
already laid down. 
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In the second case the ballet does not enter the soft parts deeply, 
bat carries away a portion of the skin from the sorface of the body, 
so that a more or less deep farrow remains, a so-called grazing. 
This is one of the slightest kinds of gunshot wounds, unless, as 
may happen on the head, the bone is at the same time superficially 
grazed by the ballet, and portions of lead remain in the skulL 

In the third case the ballet perforates the skin and does not 
escape : it enters and generally remains in the soft parta, causing a 
tubular wound, a blind track. Into this Tarious other foreign 
bodies may be carried, such as portions of uniform, pieces of doth, 
buttons, pieces of leather, &c. ; a bone may also be ^lintered and 
the splinters may be driven into the wound, and cause deep 
lacerations. It is also possible that the bullet, after perforating the 
skin a.nd soft parts, may rebound from a bone and (all out of the 
same openings so that it cannot be found in the wound, althouf^ 
there is only one aperture. The wound made by the bolkt on 
entering the body is usually round, corresponding to the crr/si 
section of the ballet ; its borders are contused, sometimes bliiisb- 
black and also somewhat inverted. These characteristics of the 
aperture of entrance are found in the majority of cases, but are 
certainly not absolute. 

In the fourth and last case, the buUet enters at one point and escapes 
at another. We have then a perforating canal with an ap^ore of 
entrance and exit, a so-called ** llaarsdlschuss '^ fa %iion nhfA* 
wound). If the track of the bullet has passed tbroog^i tb^ soft 
parts alone, and no foreign body been driven in, the aperture of ^xst 
is usually smaller than that of entrance, and more like a rent. If 
the bullet has struck the bones, and driven bone^lmters nr (Ahn 
foreign bodies before it, the aperture of exit may be fxiii/;b larger 
than that of entrance, and there may be aLK> two or more zytriurtM 
of exit, caused by the division of the bullet into several pie^y:^, an/l 
by several splinters of bone. In the last place, ap^ures do/; to 
escape of bone-splinters have been taken for tlje pr>iijt of exit of the 
bullet, whereas this latter, or a portkm of it, may l>e «till in the 
wound. Far too much importance has beeti atta^^hi-^l Ui the dis- 
tinction between the apertures of exit and those of entrance;, Ihis 
distinction is important only in medico'legal caiK^, for in these it 
may be of great conser|uence to know from which side the bullet 
has come in a given position of the injured person, as the direction 
of the missile may give a clue to the author of the injury. The 
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coarse which the bullet takes in the deep parts is sometimes very 
peculiar. It is very often turned by bones or tense tendons and 
fasciec^ so that we should be greatly deceived were we to suppose 
that a straight line uniting the apertures of entrance and exit 
would always indicate the course of the bullet. Most extraordinary 
in this respect is the peripheral course sometimes taken round the 
skull and thorax ; for instance^ a bullet impinges upon the sternum 
obUquely, but without sufficient force to perforate this bone ; the 
bullet may now run along a rib under the skin into the side of the 
thorax^ or even to the spinal column before it escapes ; from the 
position of the apertures of entrance and exit we might suppose that 
the bullet had passed obliquely on in a direct line through the 
chesty and be greatly astonished when such patients come from the 
field to have their wounds dressed^ and do not exhibit any difficulty 
of breathing. 

The complication of gunshot wounds with bums by powder, such 
as results from shooting at very close quarters, rarely occurs in war. 
In accidents from careless handling of fire-arms, or bursting of 
weapons, or in blasting, this combination is not rare, and may cause 
very various kinds of burns. The particles of charcoal in the 
powder often enter the surface of the skin with great force, and 
become healed over, so that for the rest of life the part retains a 
greyish-black discoloration. More with regard to this when speaking 
of bums. 

In gunshot injuries there is said to be scarcely any pain : the 
speed with which the iujury takes place is so great that the patient 
only feels a blow on the side from which the bullet comes, and only 
after a little time notices the bleeding wound and the peculiar pain. 
There are numerous examples of combatants having received a shot, 
especially in the upper extremities, and of being so little conscious 
of it, that their attention was first called to it by others, or by the 
blood flowing from the wound. 

In gunshot, as in contused, wounds the bleeding is usually les^ 
than in those of the incised and punctured kind, but it would 
be a great mistake to suppose that the larger arteries when shot 
through do not bleed. On the contrary, many soldiers remain on 
the battle-field, having died from rapid haemorrhage from the larger 
arterial trunks. Any one who has had an opportunity of seeing 
how a completely divided carotid, subclavian, or femoral artery 
bleeds, will be convinced that the loss of blood in a very short 
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time must be so great that the onlj bope of sjlcir lies in 
diate aid^ and that hemorrhage from these aitmcs hsms forafacos 
two minates will certainly canse death. It is tme, hoverer^ thai 
arteries even as lai^ as the femoral sometimes do not bleed at aD 
when shot through. The first surgeons who gave us descr^jCiocs 
of gunshot wounds called attention to this cireum«tance. 

Before passing to the proper treatment of gunshot wounds I 
will briefly describe to you the arrangements for transporting the 
wounded^ and the first step for rendering them ak). Tar the 
latter purpose, certain places for dressing wounds are established in 
some sheltered place at a short distance behind the Hne of battle^ 
usually in rear of the artillery ; these places are marked out by the 
international signal of neutrality — a white flag with a red cross — 
and to these spots the wounded are first conveyed ; the transport 
being undertaken by soldiers, or by specially trained medical order- 
lies or ambulance corps. The establishment of these ambulance 
corps has proved so beneficial in recent wars that they will be more 
extensively used ; the corps are composed of nurses trained in a 
definite way to bring the wounded from the field, and, when neces- 
sary, to give them temporary aid ; they are able, for instance, to 
compress arteries, and so arrest bleeding from wounds. They have 
been trained for two of them to carry a wounded man, either in their 
arms without other support, or in a quickly improvised Utter. For 
this purpose they generally carry a lance and a large piece of cloth 
somewhat longer and broader than the body ; the lances are passed 
through hems along the sides of the cloth, and in this way a 
stretcher is made ; bayonets or swords may be provisionaUy used as 
splints to support a wounded limb. The wounded are tha<9 broni^fat 
to the dressing-place and the first dressings are applied ; these arr: 
retained until the patient reaches the nearest field-hospital. At the 
dressing-place haemorrhage must be securely arrested, wonnde^J 
Umbs so arranged that no injury may be caused by the transport ; 
bullets lying superficially, foreign bodies, and spliftt/rm of 
bone which are quite loose, are here taken away, providi;d 
always that this can be done easily and rapidly. Litn\m, mui^ 
pletely shattered by large missiles, are here zmpuUtfA if they 
cannot be so bandaged up as to admit of the patient* b^^irifr carrltul 
further. The particular object of this dresffin(^'pla/;i; in Ut i/mke 
the wounded capable of bearing further transport, and it in there' 
fore not proper here to undertake many and iMiiouM 0|Mrrati/;iiN. 
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Erom the great pressure of the constantly increasing number of 
wounded brought from the fronts only what is absolutely necessary 
can be done here^ and^ cruel as it may appear^ PirogoiTs advice 
is^ nevertheless^ very just when he tells us that the surgeons 
should not exhaust their strength by attending upon the mortally 
wounded and the dying. But, if possible, every wounded man 
when carried to the field-hospital should receive a short report of 
the results of the first examination ; a card containing a few words, 
which is thrust, perhaps, into one of the pockets of the patient's dress, 
is sufficient. It is important to note whether the bullet has been 
extracted, whether a wound of the thorax or abdomen is a per- 
forating one, &c., in this way saving the patient pain and the 
surgeon's time and trouble in the hospital. Hitherto, however, it 
has not been possible thoroughly to carry out such a regulation. 
Fart of the ambulance corps is further charged with placing the 
wounded as comfortably as possible in wagons for further trans- 
portation, under the guidance of the surgeons. For this purpose 
there are special ambulances which may be constructed in very 
various ways, and in which patients may either sit or lie down. 
These wagons are certainly seldom sufficient, and recourse must 
often be had to common ones, adapted for the purpose as well as 
possible by means of planks, hay, straw, and mattresses. These 
wagons take the wounded to the nearest field-hospital, which is 
established in the nearest town or village, the best and largest 
attainable places being chosen ; schoolhouses, churches, and bams 
are generally first seized, though only the latter are recommended. 
In these places beds are prepared with straw, a few mattresses, and 
bed-clothes; surgeons and nurses await anxiously the arrival of 
the first wagon with the wounded, having been made aware of the 
commencement of the battle by the thunder of the artillery and 
occasional reports. Here, now, begins the minute examination of 
those patients who were only provisionally attended to at the 
dressing-place, and operative activity is in full swing ; amputations, 
resections, extractions of bullets, &c., are done wholesale, and the 
young surgeon, who has been anxious to perform his first operations 
on the living body, may go on operating all day till he stops from 
exhaustion. This continues till far into the night; the battle lasts 
till late in the evening, and it is towards morning before the last 
wagons bring the wounded to the field hospital. With bad lights, 
with an operating-table provisionally fitted up, often with unskilful 
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nurses as assistants^ the surgeon must at once carefnUy examme, 
operate upon^ and dress the wounds of ewcrj patient down to the 
last. In the field-hospitak the wounded haye a period of rest, and, 
if possible^ those who haye been operated upon and are seriottdy 
injured should not be moved to another hospital until the healing 
has at least commenced. This cannot always be done ; sometimes 
the place where the field-hospital was established has to be 
evacuated. If it becomes necessaiy for the conquered aide to 
retreat, and the enemy then occupies the spot where the fidd- 
hospital was established, the surgeons remain with the wounded ; 
for, even with the greatest humanity on the part of the enemy, the 
want of surgeons after great battles is often so great that the 
surgeons of the enemy are unable to take proper care of all the 
wounded. Some years ago in Geneva, a convention of European 
powers came to an arrangement by which su^eons and aanitarj 
material of all kinds were declared neutral. Although there are 
obstacles of various kinds in practically carrying out this principle 
and its consequences, yet this convention has done a great deal of 
good in the wars of late years, and its arrangements are capable of 
still further development. At any rate, the principle of considering 
a wounded enemy as an enemy no longer, but as a patient, is to be 
prized and defended as an honourable characteristic of advancing 
humanity and culture. 

When the wounded have all been temporarily brought under 
cover and placed in bed, and the necessary operations done and 
all that is essential in other respects attend^ to, for example the 
details of their feeding and treatment, the next duty of the medical 
staff is to take steps for their proper disposition. Ibe accamolation 
of many wounded men in one place is injurious, and if tb#: ihhaXrt 
of war is a poor country, with but scanty railway commonicatioij, 
the care of the wounded is attended with enormous difiicultiet. Iliey 
must, therefore, be sent away as soon as possible ; this roay U done 
with good ambulances and with well-arranged hospital trains, even 
in the case of the badly wounded : when the means of traruiport are 
less convenient, the slightly wounded may at least be Roon rirmoved. 

The system of scattering the wounded, which in TH^ni times 
has been adopted with excellent results, rerjuires great circum- 
spection and much labour on the part of the sui>crior medical 
and military authorities, but it has been proved to i>os8ess many 
advantages. If wooden houses (barracks) can be built for the 
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severely wounded who may remain behind^ this will be the best 
plan ; if this be not practicable^ those who are slightly wounded^ 
who require no particular; surgical treatment^ may be taken into 
private houses ; it has been found undesirable to leave the wounded 
for long in churches and schoolhouses^ for these buildings can 
seldom be well ventilated. 

The war in North America, as well as that between Austria and* 
Prussia in 1866, and the Franco-German war of 1870, have shown 
that improvements must constantly be made in military sanitaiy 
arrangements. One factor has been added, which was never before 
available, namely, the very great help on the part of societies, sisters 
of charity, civil surgeons, and many other persons, who devote 
either themselves or their money and materials, to the care of the 
wounded. When this private aid is properly organised, it may, 
under suitable guidance of the military authorities, be extremely 
useful, as has been proved in the last war. 

With regard to the treatment of gunshot wounds, opinions have 
greatly changed in the course of time, according to the various 
points of view from which these wounds have been regarded. The 
oldest surgeons, whose opinions we possess, considered that gunshot 
wounds were poisoned, and thought, consequently, that they should 
be burnt out with the red-hot iron or boiling oil in order to destroy 
the poison of the gunpowder. The first to oppose this view 
successfully was Ambroise Fare, whom you already know as the 
introducer of the ligature. He relates, that in the campaign in 
Fiedmont (1536) he had used up all the oil for burning the wounds, 
and that he then expected the death of all the patients who could 
not be treated according to the then existing rules of his art. This, 
however, did not happen ; on the contrary, the latter patients did 
much better than the chosen few on whom he had used his supply 
of oil. Thus was surgery, by a lucky accident, very soon freed 
from this superstition. Subsequently, it was very correctly obsenred 
that the extreme narrowness of the track of the wound was one of 
the chief obstacles to the healing process in gunshot injuries, and 
attempts were made to obviate this by completely plugging the 
wound by charpie or gentian-root, both of them absorbent substances* 
But intelligent surgeons soon saw that this greatly prevented the 
escape of pus accumulated in the deep parts. By this time also the 
correct view that a gunshot wound is a tubular contused wound 
had gained some acceptance. This they again sought to improfe 
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in a wonderf ol maoDer ; a general rale was laid dovn that every 
superficial track of a woond should be completelj laid open, the 
opening of a canal leading into the deeper parts was to be enlarged 
by one or more incisions ; it was intended that^ by means of these 
incisions^ the contused wound should be changed into a simple 
incised wound, whereas, in fact, aU that was done was to add an 
incised wound to the already existing gunshot wound. The case 
was somewhat different when the rule was laid down to cut out the 
whole canal of the wound, and to close the latter by sutures and 
compression in order to obtain healing by the first intention — a 
method which is seldom applicable and which has met with but little 
approbation. In recent times, when the treatment of all wounds 
has been so much simplified, that of gunshot wounds has participated 
in the improvement; these are treated upon the same general 
principles as contused wounds. The first thing which has to be 
done in a gunshot wound is, as in other wounds, to arrest any 
arterial bleeding. This must be done according to the rules already 
laid down — a ligature being applied to the bleeding artery either in the 
wound itself, or to the corresponding arterial trunk in its continuity ; 
for the former purpose it is generally necessary to enlarge the 
opening of entrance or exit, for otherwise the bleeding artery could 
not be found. If there be no haemorrhage, we should immediately 
examine the wound, especially the blind end of the track, for foreign 
bodies, particularly for any bullet that may be there. The finger 
is the safest instrament for this examination^ but if not long enough 
or the canal too narrow to admit it, a silver catheter is the best 
substitute, with which we can feel more certainly and safely than 
with a probe. If the bullet is felt, we endeavour to remove it in 
the shortest way ; that is, draw it out either at the aperture of 
entrance, or, if it has passed close under the skin, in a blind cana), 
we may make an incision through the skin, and extract it through 
this ; thus, at the same time, changing the blind canal into a complete 
one. The extraction of the bullet from the aperture of entrance 
can be done with the aid of spoon- or forceps-shaped instruments. 
Bullet forceps with long thin blades are often difficult to use, because 
they cannot be sufficiently opened in the narrow canal to catch the 
bullet, and therefore many military surgeons prefer the spoon-shaped 
instruments for extraction. The American bullet-forceps is worthy of 
recommendation^ its peculiarity being that it can be well opened even 
in the narrowest canalsj and that it catches very securely ; yet the 
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majority of such forceps are made too slight ; I find that there is 
nothing better suited for the extraction of bullets than long^ strong 
ear- or nose-forceps and polypus forceps. If the ballet is firmly 
fixed in a bone^ we make use of along gimlet^ which is screwed into 
the lead; and in that way try to extract it ; if we do not succeed in 
removing bullets or other foreign bodies through the aperture of 
entrance, we proceed to enlarge this so as to gain more room^ and 
to be able to apply the instruments to better purpose. It has 
certainly been often observed that bullets have become healed over 
without exciting suppuration, but it is far more frequent for 
suppuration to ensue ; as a matter of course no violent or dangerous 
manipulations should be made to extract bullets, but at the same' 
time you must not be too much afraid of making diligent search for 
a projectile, if it keeps up prolonged suppuration. Haemorrhage 
and difficulty of extraction of foreign bodies are the two primary 
indications for enlargement of gunshot wounds. Such enlargem^t, 
however, is by no means necessary for the healing of a wound. 
This takes place thus : from the aperture of entrance a small ring- 
shaped eschar is gradually thrown off, gangrenous shreds are then 
also detached from the track of the wound itself, until healthy 
granulation and suppuration set in, and the canal gradually closes 
from within outwards. In the majority of cases the aperture of 
exit cicatrises before that of entrance. It is true that there are 
many obstacles which may oppose this normal course ; progressive 
suppurations may set in in the deep parts for which new incisions 
may be necessary, as in deep contused wounds in general. 

The first dressing of a gunshot wound in the field consists 
usually in the application of a moist compress, covered with a piece 
of oil-cloth or parchment-paper, which is kept in its place by means 
of a bandage or cloth. It often happens that nothing further is 
subsequently required than simply keeping the wound moist, and 
covering it with some loose charpie, dressings with Goulard water, 
chlorine water, &c. The treatment of gunshot wounds without 
dressings was much adopted in the last war, and with results 
equally favorable as compared with the similar treatment of other 
wounds ; in the next war we must try Lister's treatment. A gun- 
shot wound has been observed to heal by first intention, but this 
very rarely occurs ; as a rule, all wounds of this kind suppurate for 
a shorter or longer period. One of the principal cauaea of deqp 
inflammation is the presence of foreign bodies^ auch aa bits <^ 
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accoutrements^ leather, &e. Tlie presence of a hdSki, or of a 
portion thereof, is far less dai^eroos as regards hail&og,^Tbt 
cicatricial tissue may form around, and entirely enea^sabte the 
lead; the wound closes perfectly orer it, and the ballet remains in 
the patient's body. But tiiese bullets, bovever, do not alvays 
remain in the same place ; they sink, partly in oonseqoeaee of th^ 
weight, and sometimes also are displaced by musenlar action, so thai 
in after years they are often found at another spot, genexaOy one 
lower down. For instance, a bullet may enter the parts about the 
hip, and subsequently, being almost forgotten, may be ftit unda 
the skin of the calf or heel, and may here be readily excised* I 
have already told you about needles doing the same tfaii^. Xon* 
metallic substances, howcYer, seem nerer able to remain thns in the 
human body without causing injury, and shoold therefore be 
always extracted when their presence in the wound is certain^ 

The fever in gunshot wounds will generally depend upon tl^ir 
size and extent, as also upon the accidental snppoiation* In the 
excellently directed hospital of Sui^eon-General Btck, of Baitm, 
which I visited at Tauberbischofiheim, in the South-German seat of 
war (1866), the thermometer was used for determining the degnt« 
of fever, as also in 1870 in the Mannheim hospitals, which were 
under the superintendence of Professor Bergmann and Dr. Ixrssen, 
The results in general agree with those which have been obtained 
with regard to fever in other injuries. 

In the treatises on special surgery, yon will find the particolar 
rules to be observed in perforating wounds of the skull, thorax, and 
abdomen ; we shall here only make a few remarks on the fiactitres 
resulting from gunshot wounds. We have already observed that 
simple subcutaneous fractures occur also in war, from spent bullets 
and those which strike the parts oblirjnely ; in most cases, however, 
the fractures are accompanied by wounds of the m(i yuU. The 
soft short bones and epiphyses, consistii^; of 9pfmffy substance, may 
be simply perforated by a bullet without any splinting tA the 
bone necessarily occurring. This injury is eompacstively fnvorable 
unless the neighbouring joint is opoied by the bullet ; thiii Utter 
may remain in the bone and then keep up int«;fise fMiiin ; bullets 
have been known to become healed up in bones, but nuch cases are 
always curiosities. After perforating wounds, suppuration occurs 
along the entire canal, which becomes filled up with granulations ; 
these in part subsequently osnfy, so that the firmness of the bone is 



342 GUNSHOT WOUNDS. 

not impaired. If the bullet strikes the diapliysis of a long bone, it 
generally breaks it in splinters, and the wound is thus complicated 
in a very peculiar way ; the great number of pointed splinters, as 
also the great amount of splintering in proportion to the diameter of 
the projectile, are enough to astonish those surgeons who are 
seeing for the first time a large number of gunshot wounds. 

I consider it to be necessary and very important that every 
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Femnr of h Freocii soldier struck b; a Tibia of a Gcrmao soldier struck by a 
bullet from a German needle-gun. Cbassep&t (Frencb) bnllet. 

gunshot &acture of the limbs should be carefully examined with 
the finger as soon as passible after the injury, so that the splinters 
of bone which are loose, or but slightly attached to the soft parts, 
may be" removed ; it may occasionally be proper to nip or saw off 
sharp ends of fragments, where this can be done without causing 
much &esh injury, without large incisions through thick soft parts. 
These so-called resections of bones in their continuity, I should not. 
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"however^ recommend for regular adoption^ nor as always necessary^ 
for experience teaches ns that very many of snch cases do well 
without operative interference. 

If the injury has caused a complicated fracture in a joints we 
cannot hope for much from an expectant treatment^ according to 
present experience^ which is based on statistics ; on the other hand, 
the question generally is, whether it is better to perform primary 
resection or amputation ; this can only be decided by the condition 
of each separate case. 

Lastly, we must mention that secondary haemorrhages are 
particularly common in gunshot wounds as in other contused 
wounds in general. 

The treatment of gunshot fractures by means of fenestrated 
plaster-dressings is, in my opinion, a very proper one ; it may, how- 
ever, possibly be unsuitable in fractures of the upper part of the arm 
or thigh ; on the other hand, it must be said that those surgeons who 
have not already treated open fractures with plaster-dressings, and 
who are not masters of the art of application, should not make 
their first attempts on gunshot fractures, but should apply only 
such dressings as they know how to manage. With regard to 
materials for splints for field-hospitals, we have not only to consider 
suitability and neatness, but should also select for the purpose such 
materials as are light and can be easily packed in the ambulances. 

Secondary suppurative inflammations occur almost more fre- 
quently in gunshot than in other contused wounds ; the same 
sources of mischief, which we have already found to be the causes 
of these dangerous accidental complications, are, unfortunately, 
equally prone to afl*ect gunshot wounds. 



LECTURE XX. 
CHAPTEE IX. 

BURNS AND FROST-BITES. 

I. Bums: Grade, extent, treatment. — Sunstroke. — Stroke by Ugkt^ 
ning. a. Frost-bites: Grade. — General freezing, treatment. — 
Chilblains. 

The symptoms due to burns and frost-bites are certainly very 
much alike, but yet are sufficiently distinct to be considered 
separately. We shall, therefore, here first speak of 

Burns. 

These are caused by the action of fire itself, but more frequently 
by hot fluids, as, for example, when children pull down from the 
table vessels containing hot water, coffee, soup, &c., and pour the 
contents over themselves. Besides this, in factories bums from 
hot metals, from molten lead, iron, and the like are unfortunately 
not rare, and in everyday life slighter burns from matches and 
sealing-wax very often occur, and doubtless have happened to many 
of you. In addition to these, concentrated acids and caustic 
alkalies often produce bums of various degrees analogous to those 
caused by hot bodies. 

In bums we have to consider the intensity and extent of the 
injury ; we shall first study the intensity. This depends essentially 
upon the degree of the heat and the duration of its action ; accord- 
ing to the results of this action bums are divided into different 
grades. These, it is true, mn into each other, but they may with- 
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out difficulty be diatingoished according to the ftccompanying 
symptoms ; the object of lliis classification being to facilitate ezpla- 
natinn. We assume three different degrees of burns : 

First degree (hypenemia). The skin is much reddened, very 
puuful, and slightly swollen. These symptoms are due to dilata- 
tion of the capillaries with slight exudation of serum into the tissue 
of the cutis. There is a slight degree of inflammation accompa- 
aied by a reactive increase of cells in the rete hfalpigbii atone, and 
which is proved by the subsequent desquamation of the epidermis, 
st least in many cases. Bedness and pain last occasionally only for 
a few hours ; in other cases several days, but it is not necessary, 
and certainly not practical, on this account to further subdivide this 
degree. 

Second degree (formation of vesicles). Besides the symptoms of 
the first degree, vesicles form on the surface of the skin ; these, 
before they are broken, contain serum either quite clear or mixed 
with a little blood. These vesicles form either immediately or some 
hours after the burn, and may vary very much in size. On ana- 
tomical examination we find that in most of these cases the homy 
layer is detached from the mucous layer of the epidermis, so that 
the fluid which rapidly escapes from the capillaries is found between 
Uiese two layers, jnst as results from the action of cantharides and 
vesicant- pi aster. This vesicle breaks or is artificially opened ; from 
the remaining rete Klalpigbii a new homy layer of the epidermis 
rapidly forms, and in six or eight days the skiu is as it wos before. 
It may, however, also happen that, after the removal of the vesicle, 
the denuded portion of skin is excessively painful, and superficial 
suppuration forms, lasting for several days or even a fortnight ; the 
pus finally dries up into a scab, under which the new epidermis 
becomes formed. This state may also be artificially induced by 
allowing a blistering plaster to remain for some time upon one spot. 
It is, however, here also unnecessary to make new degrees of burns on 
account of these varieties, for they depend only upon a somewhat 
less or greater destruction of the rete Malphigbii, jaiit as the pain 
is more or less great according as the nerves in the papilltc of the 
surface of the skin are more or less exposed. 

Third grade (formation of eschara). This degree includes in 
general all those cases where there is a formation of eschars ; that 
18 to say, those in which the bum produces mortification of a 
portion of the skin, and even of the deeper soft parts. Here, as a 



1 



346 BURNS AND PEOST-BITES. 

matter of course, the varieties may be very great, for in one case 
there may perhaps be only burning and charring of the epidermis 
and points of the papilla; ; in another, there may be death of a 
portion of the cutis ; in a third, charring of the skin, or, indeed^ of 
an entire limb. In all cases in which the papillary layer is de- 
stroyed with the rete Malpighii, there will be more or less extensive 
suppuration by which the mortified portion becomes detached; 
granulating wounds must then be formed as a matter of course, and 
these heal in the usual way. If only the epidermis and the surface 
of the papillsc be charred, the result is only slight suppuration, 
with rapid repair of the horny layer from the remains of the rete 
Malpighii. 

From what has been said you will be able to understand that 
from four to seven, and even more, grades of burns may be formed, 
but it is quite sufficient for purposes of explanation to distinguish 
the tliree degrees — redness, formation of vesicles, and formation of 
eschar. In very extensive burns we often find these various 
degrees of intensity combined, and if the injured spot is covered 
with .charred epidermis and dirt, it is often difficult at first properly 
to determine the degree at any spot. If suppuration occurs, it is 
sometimes superficial, sometimes deep ; it sometimes appears as if 
islands of young cicatricial tissue formed in the middle of a granu- 
lating wound, and this has given rise to the false idea that the 
granulating wound may cicatrise not only from its borders, but also 
from single points in its midst. Such cicatricial islands, however, 
never form where the entire papillary structure of the skin is 
absent, but only from some remains of rete Malpighii left behind, 
as may happen in burns and certain ulcerations to be subsequently 
mentioned. 

The prognosis with regard to the function of the burnt parts 
follows from what has been said. We must, however, add that 
after extensive loss of skin, as occurs especially from bums of the 
neck and upper extremities caused by hot fluids, there is very con- 
siderable contraction of the cicatrices, by which, for example, the 
iead may be drawn quite to one side of the neck, or forwards over 
the sternum, or the arm become fixed in a flexed position by a 
cicatrix at the bend of the elbow. It is true that these cicatrices 
become, in the course of time, more extensible and yielding, but 
seldom to such an extent as completely to restore the function and 
remove the disfigurement, so that in many cases plastic operations 
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are necessary for these purposes. Strange to saj, it vas fonnerlj 
asstfted that cicatrices after bums contracted more stronglj than 
other cicatrices. This difference^ howerer, is onlj apparent, inas- 
much as in other kinds of injuries there is scarcely ever so great loss 
of skin as takes place in bums ; we can, moreover, easily satisfy 
ourselves, particulariy in plastic operations and after great destruc- 
tion of sidn by ulcerative processes, that the contraction of the 
cicatrices is in these instances just as great. 

As r^ards the danger to life, the extent of the bums is of the 
greatest importance, entirely apart from their intensity. It is 
generaUy assumed that if tvo-thirds of the surface of the body are 
involved in a bum of the first degree only, death will soon occur in 
a manner which has not as yet been physiologically explained. 
Persons thus injured fall into a state of collapse, with small pulse, 
abnormally low temperature and dyspnoea, and die in a few hours 
or days. In other cases life b somewhat more prolonged ; death 
occurs sometimes from violent diarrhoea, in rare cases with the forma- 
tion of ulcers in the duodenum close to the pylorus, a complication 
which also occasionally happens in septicaemia. Attempts have 
been made to explain in various ways the rapid occurrence of death 
in extensive bums : first, by supposing that the simultaneous 
irritation of almost all the peripheral endings of the nerves in the 
skin over-stimulated the central nervous system and caused para- 
lysis ; and, secondly, that the cutaneous perspiration was arrested 
by the bums, and death occurred in these cases just as in those 
animals whose whole body has been covered with an air-tight layer 
of oil-paint, caoutchouc^ or resin. In the latter hypothesis it is 
assumed that the excretion by the skin of certain substances, espe- 
cially of ammonia, is interfered with by the impermeable coating (as 
by the burning of the skin), and thus ensues a blood-poisoning 
fatal to the organism. Lastly, the symptoms might be the result 
of an intense phlogistic or septic intoxication, in the latter case 
where there is formation of eschar. Ponfick has lately again 
directed particular attention to the disturbance of the function of 
the kidneys ; he found in the urine many of the so-called fibrinous 
casts from the uriniferous tubules. Should the extent of the burn 
not by itself cause death, in many cases the great loss of skin and 
the consequent suppuration may prove dangerous, especially to 
children and old people ; in the same way, lastly, the amputations 
necessary in complete charring of single extremities involve a series 
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of dangers which are the more important^ as they affect individuals 
already greatly enfeebled by the born. 

In the treatment of bums of the first and second degrees^ it is 
more important to alleviate the subjective suffering of the patient 
than to adopt any energetic treatment; for we can in no way 
accelerate the return of the skin to its normal state^ but must leave 
the course of healing entirely to nature. If there are any vesicles, 
it is not advisable to remove the loosened epidermis, but the 
vesicles should be opened by a few punctures with a needle^ and the 
serum carefully pressed out, in order to diminish the feeling of 
tension caused by the vesicles. It would be most natural to cool 
the burnt portion of skin by applying cold compresses or plunging 
the parts in cold water; however, this is not much liked by 
patients, as the cold should be continuously applied and tolerably 
intense to cause much relief. The cold-water compresses become 
warm too quickly, and immersion in cold water is only applicable to 
the extremities ; if they or the whole trunk were enveloped in cold 
applications every five minutes (for only thus could we get any 
effect from cold)^ this continuous disturbance would soon bring on 
a condition of great excitement and then a collapse ; and hence it 
happens that cold is comparatively little used in burns. Many 
remedies are employed in bums which really only act by completely 
covering the inflamed skin : smearing over the surface with oil, and 
the application of waddings is a very common and favorite remedy ; 
as protective coverings, mashed potatoes, starch, and collodion are 
often applied to the burnt skin. The two former are to be regarded 
as popular remedies ; for large bumt surfaces I cannot much recom- 
mend the collodion ; the covering it forms cracks readily, and in these 
cracks the skin becomes sore and very sensitive. Many surgeons 
use particular ointments and liniments instead of oil ; for example^ 
a liniment composed of equal parts of linseed oil and lime-water^ 
ointments of butter and wax in equal portions, lard, the rind of 
bacon^ &c. Another plan of treatment is that with a solution of 
nitrate of silver ('5 gramme to 50 grammes of water, 4 grains to 
the ounce) ; this is painted over the bumt spots, compresses are 
laid on and kept constantly moist by frequent sprinkling with the 
above solution. At first the pain from the cauterisation by the 
nitrate of silver^ of the parts denuded by epidermis, is sometimes 
very violent; but soon a thin, blackish-brown crust becomes 
formed, and the pain then entirely ceases. I particularly recom- 
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mend to you this treatment for those cases in which all three 
grades of barns are combined over a slight extent of surface. To 
manj persons all moist and greasj applications are very unpleasant 
to the akin ; we may then sprinkle over the reddened spots a powder 
composed of equal parts of starch and oxide of zinc, and cover this 
over with soft wadding. 

The treatment of bums of the third degree dilTers in no way from 
that just described, in cases where only the cutis is burnt. This 
tissue when not charred, but only burnt by radiant heat or boiling 
water, generally becomes perfectly white. Should it be subse- 
[uently desirable to accelerate the detachment of the slough, and to 
iminish the oSenaive odour, we may use antiseptic dressings ; the 
reatment by nitrate of silver can be continued until the eschar is 
completely detached. If very large granulating surfaces remain, 
especially on parts of the surface that are seldom at rest, and where 
the neiglibouring akin is not very movable, it may require a very long 
time, often many month*, for them to heal. Very luxuriant granu- 
hitions form, and their tendency to cicatrise is always very slight. 
Of the remedies already meutioDcd for promoting the healing of such 
wounds, I particularly recommend to you the compression of the 
wound by strips of adhesive plaster, which acts admirably in many 
of these cases. Also in the treatment of these cicatricial contrac- 
tions remaining after the bums, compression of the cicatricial bands 
with adhesive plaster is one of the most imjiortant remedies ; and 
you will always do well to try this persistently, before yon have 
Tecouise to excision of the cicatrix or to plastic operations. 

If, in bums of a third degree, an entire limb has been burnt to a 
tender, it will, iu many cases, be advisable to amputate at once ; 
not only because the detachment (by raortilication) of large portions 
of the body is not free from danger, but also because the stumps 
thus formed are unfit for the application of an artilicial limb. 

If you are called to a case iu which there is a bum of tlie greater 
't of the body, you must concentrate your attention upon the 
merol condition of the patient, aud try to prevent collapse by the 
iployment of gentle stimulants, such as wine, warm drinits, warm 
iths, ether and ammonia. Unfortunately, in the majority of these 
ies, out efforts to preserve life are in vain, Ilebra praises the 
treatment of extensive burns by continuous warm baths, which, i 
proper arrangements, may be kept up for weeks. 

Iu persons of a delicate skin, aud with prolonged eiposu 
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the face and neck^ the sun's rays are able to cause burns of a sh'ght 
degree. We often have an opportunity of seeing this in travellers 
in mountainous countries^ where persons^ ladies especially^ who 
previously had never spent a whole day in the sunshine^ travel for 
several days under a bright sky in summer without proper protec- 
tion to the face and neck ; the skin becomes red, swollen, and very 
painful; the epidermis dries up after three or four days into 
brownish crusts, becomes chapped and desquamates. In other 
individuals with a still more excitable skin, small vesicles also form 
which subsequently dry uj) without leaving any cicatrices (eczema 
solare). Besides the ordinary precautions in the shape of veils, 
sunshades, &c., it is well for such mountain travellers to smear the 
skin over with cold cream or glycerine ; the same remedies are also 
used in pronounced sunburn ; if the burnt parts are very painful, 
we apply cold compresses. 

Here we must also allude to sun-stroke or heat-stroke. This 
disease occurs in our climate almost exclusively in young soldiers, 
when they have to make very fatiguing marches in full uniform in 
wery hot and bright weather. The symptoms are violent headache, 
giddiness, unconsciousness^ syncope, and sometimes death in a few 
hours. In the east, especially in India, this disease is not rare 
among English soldiers ; some cases run quite an acute course and 
end with tetanic spasms ; others begin with a longer premonitory 
stage, and continue with symptoms of violent headache^ hot, 
burning skin, continued languor and depression, palpitation of the 
heart, twitching of the muscles, and when this state passes into 
recovery, relapses are very prone to occur. Patients with sunstroke 
are to be treated like those with great congestion of the brain. 
Cold affusions, and bladders of ice to the head, rest in a cool room, 
purgatives, leeches behind the ears, and sinapisms to the neck, are 
to be employed. Venesection is said to be injurious according to 
the experience of English surgeons. 

We must here also make a few remarks as to the effect of light- 
ning. You have probably all of you seen houses and trees which 
have been struck by lightning ; there is usually a large rent, a cleft 
with charred edges. Also men and animals may be so struck as 
that single limbs are detached; but this is not always the case ; the 
lightning generally runs along the body, in at one place, oat at 
another, the clothes are torn, even completely torn off, and hailed 



EFFECTS OF LIGUTNING. 



351 



away ; peculiar brancliedj brownish-red, zig-zag lines are found on- 
the body, which have been regarded as the representation of the- 
nearest trees, or as blood coagulated in the vessels and shining- 
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directly stnick by lightnings he is usually killed on the spot. If 
the lightning strike some spot quite close to him, then there are 
symptoms of concussion of the brain, of a greater or less degree^ 
paralysis of separate limbs, or of organs of special sense ; also here 
and there extravasations and bums. The latter heal, like other 
bums, according to their degree and extent ; paralysis from lightning 
is not usually of bad prognosis, as the nervous or muscular functions 
may sooner or later be restored. 



Frost-bites, like bums, may be divided into three grades, the first 
of which is characterised by redness of the skin, the second by the 
formation of vesicles, the third by that of eschars. The first degree 
of frost-bite is pretty well known ; the slightest form is seen in the 
so-called deadness of the fingers, which probably every one of you 
has sometimes experienced in a cold bath or in cold wind. The 
fingers become white, the skin wrinkled, the sensation diminished ; 
after a short time these symptoms pass off, the skin becomes red, 
the fingers swell, and there is a peculiar sensation of itching and 
pricking. This becomes greater the more quickly the cold is 
fdllowed by warmth. The redness of the skin in this degree of 
frost-bite differs from that in bums by its more violet colour. 

These symptoms after a time subside, and the skin again becomes 
normal. Usually no remedies are used for these slight degrees of 
frost-bite, but in general practice patients are cautioned against 
warming the parts too quickly ; rubbing with snow is recommended, 
and subsequent gradual elevation of the temperature. The explana- 
tion of the above symptoms is that at first the cold produces great 
contraction of the capillaries, and that then they become paralysed 
for a long time. 

Bedness following a frost-bite may sometimes become permanent, 
that is, the capillaries remain permanently dilated. This is 
especially apt to occur in frost-bites of the nose and ears, and in 
many cases is almost incurable. In Berlin I treated a young man 
whose nose, after frost-bite, had retained its dark bluish-red colour, 
and who wished to be cured of this disfigurement at all hazards. He 
followed out with the greatest persistence all the various modes of 
treatment ; at first he had his nose painted over with collodion, after 
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which it looked as though varnished^ and^ so long as the coating of 
collodion remained, was somewhat paler, but the improvement did 
not last. Then the nose was painted over with dilute nitric acid, 
which gave it a yellowish tint. After the epidermis had become 
detached, the disfigurement again appeared to be improved for a 
short time, but it soon returned to its former condition. Then we 
tried the application of tincture of iodine and nitrate of silver, which 
gave the nose a brownish-red, then a brownish-black colour for a 
time. All these changes of colour were submitted to bv the man 
with heroic patience ; but the refractory capillaries remained dilated, 
and the nose bluish-red, just as before. I stiU thought of trying 
the application of cold, but feared that the condition might possibly 
be made worse, and was compelled to inform the patient with this 
tragi-comical history, after several months' treatment, that I could 
not cure him. Just as great difficulties are to be met with in curing 
chilblains and their ulcers ; of these affections we shall soon speak 
more particularly. 

When a frost-bite is accompanied by vesicles as well as redness, 
it is much more severe ; in such a case there is often complete \fjm 
of sensation in the affected part, and there is always imminent 
danger of complete mortification. The prognosis in fro^t-bites with 
formation of vesicles is much worse than in bums with the same 
symptoms. The serum contained in the vesicles is seldom dear, but 
generally bloody in colour, this being due to the colouring matter 
which the red blood-cells have imparted to the semm. Blood 
frozen and afterwards thawed remains red (Idke-eoloured, Rollet), but 
the blood-redness is always independent of the cellf . A h'mb com* 
pletely frozen is said to be perfectly stiff and brittle, and irr/iail 
portions are said to break off like glass, under rough handling. I 
have had no opportunity of testing this statement, bat I remi^rrjl^er, 
when I was a student, seeing a man in the GrXtingen sorgical cUnic 
with both feet frozen, which, while he was being brought to Uff^yiUil, 
had become spontaneously detached at the ankle-joint, so th«t th^y 
hung only by a few tendons ; double amputation of the h:^ biui t/i 
be performed above the malleoli. How far a h'mb is entirely fr//^'fh 
so that the circulation therein is completely stopped, cann^/t ofU'U >>e 
positively determined for some time; in view of this orwj tnuni tuA 
be too hasty in amputating. In Zurich I met with two cases wJiere 
both feet were dark blue and had lost feding, and where a iUrrp 
prick with a needle was foUowed by the escape of only a dn/p of 
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black blood ; nevertheless the foot recovered itself^ and only a few 
toes were lost ; subsequent experience^ however^ has taught me that 
such a result is rare. In a tlurd case^ in a' very debilitated patient^ 
both feet were of a dark bluish-red colour and covered with vesicles 
as high up as the calves^ and became completely gangrenous. If 
extensive gangrene of the skin be undoubtedly present^ we must not 
delay amputating, for these patients are very liable to pyemia. A 
very sad case came under observation in the Zurich hospital; a 
young, powerful man had both hands and both feet frozen, so^that 
all his limbs became gangrenous ; the patient could not make up 
his mind to four amputations, and I could not bring myself to 
persuade him to this fearful operation ; he died of pyemia. 

Besides the ends of the extremities, the tip of the nose and the 
ears are most liable to be frozen ; closely fitting clothes which impede 
the circulation increase the predisposition to frost-bite. Cold 
winds, and cold accompanied by moisture, are more apt to induce 
frost-bite than higher degrees of cold with still, dry weather. 

There is also a total freezing or stiffening of the whole body, in 
which the patient loses consciousness and falls into a state in which 
the signs of life are very slight indeed ; the radial pulse cannot be 
felt, the hearths impulse is scarcely audible, the respiration scarcely 
perceptible, and the whole body icy cold. This condition may pass 
immediately into death, all the fluids of the body then become 
completely frozen. Such a general freezing is particularly apt to 
occur when individuals, tired out perhaps with long travelling and 
by the cold itself, lie down in the open air ; they soon go to sleep, 
in many cases never more to awake. How long a person may 
remain in such a frozen condition, with all the signs of life at their 
lowest point, but recovery being possible, has not been exactly 
determined. It is said that this state has continued for six days ; 
whether this be true or not, the attempts at resuscitation should at 
any rate be continued as long as any trace of the hearths impulse can 
be detected. 

Let us begin the treatment of frost-bite with that of this state of 
general stiffness. I myself have no experience of this so-called 
asphyxia from cold, but I may say that, in accordance with universal 
opinion, every sudden change to a higher temperature should be 
avoided, and, on the other hand, the temperature must be increased 
very gradually. Such a patient should be brought into a cold 
chamber, placed in a cold bed, and have his body rubbed for several 
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As slight atimulants, which are here indicated, I may 

meutioD enemata of cold water, and aminonia to the nostrils. When 
the patient has recovered consciousness, the surronnding temperature 
may then be very gradually increased ; he may be kept for a time 
in a slightly warmed room, and only lukewarm drinks at first given, 
As the different parts of the body, one after the other, recover their 
Titality, there is geiieraJly a great deal of pain in the limbs, especially 
a the warming has been too rapid, and in these cases it is well 
\ envelope the painful parts in cloths saturated witli cold water. 
3)6 patient may remain for hours and daya in a somewhat benumbed, 
senseless condition, which only gradually passes off. Experiments 
have lately been made on the restoration of frozen animals, and these 
appear to show that restoration takes place more certainly by rapid 
than by slow warming; from these experiments upon animals I 
should not at once makeup my mind to depart from the rules which 
have become empirically developed for the treatment of frozen persons. 

It the matter is worthy of further experiments. Such general 
st-bite will seldom pass off without loss of separate limbs or parts 
jreot'; and I have but little to add with reference to the treatment 
these frozen parts. The vesicles are punctured and emptied; 
t feet and bauds may be wrapped with cold wet cloths; we most 
sn wait and see whether gangrene will set in, and how far it will 
extend. If the bluish-red colour gradually passes into a dark 
cherry-red, the chances of restoration of vitality are estremely alight ; 
on the contrary, gangrene nsually occurs in such cases. 1!y testing 
the sensibility with a needle, and noting the escape of blood from 
these fine ponclured openings, we endeavour to discover how far the 
limb is to be considered dead ; but a positive decision is possible 
only when the line of demarcation forms, that is, when the dead 
part is sharply marked off from the living, and the rosy, inflammatory 
redness of the skin becomes developed on the borders of the 
gangrenous portions. The general condition, however, of the patient 
may become very perilous before the formation of this boundary 
line; we should therefore not hesitate too long about amputating, 
if the inflammation occurring after the freezing assumes a phlegmo- 
nous progressive character. The detachment of single toes and 
fingers may be well (eft to take its own course, but in gangrene of 
fk larger portion of the hand or foot, amputation is decidedly pre- 
fcrable, 

Samuel's recent experiments have shown that, after certain degrees 
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of frost-bite^ a genuine inflammation ensues^ which passes on into 
inflammatory mortification^ true gangrene. Clinical observation has 
certainly taught me that a change here takes place^ not found in simple 
burns, inasmuch as the burnt tissues^ even if not charred, shrivel up 
and the blood coagulates in the ve^els, so that, even if their connections 
are preserved, they are rendered impenetrable to the flow of the arterial 
blood. When a frozen limb is thawed, the arterial blood is then for 
some time again able to enter the vessels, and all will now depend upon 
whether the vascular walls are in a condition to receive the blood 
now fluid, and the tissues, to make use of the portion of blood sent to 
them. Where this is the case the frozen limb may recover ; where 
it is not the case, gangrene results. During this transition stage the 
veins remain particularly dilated, a condition essentially conducive 
to stasis and thrombosis. Bergmann recommends especial attention 
to be paid to the treatment in this stage ; he has obtained extra- 
ordinarily favorable results by suspending the limbs vertically, thus 
greatly facilitating the return of venous blood. 

I will now, by way of supplement, return to chilblains (pemiones), 
not because they may become particularly dangerous, but because 
they are small troubles, exceedingly annoying, and in many cases 
very difficult to cure, and for which you, as good general and family 
doctors, must have at command a series of remedies. Chilblains 
are caused by paralysis of the capillaries, with serous exudation into 
the tissue of the cutis ; they are, as most of you know, bluish-red 
swellings on the hands and feet, and are exceedingly troublesome by 
reason of the violent burning and itching, and the occasional 
ulceration which ensues. They are caused by repeated slight frost- 
bite on one and the same spot, and do not occur with equal 
frequency in all persons ; they are much less troublesome in very 
severe frosty weather than when a thaw is taking place. When the 
patients go to bed at night, and their extremities become warm, the 
itchmg sometimes becomes so dreadful that they are obliged to 
scratch their hands and feet for hours together. Generally speaking, 
women are more disposed to chilblains than men, young persons 
more than older ones. Employments which cause frequent change of 
temperature particularly predispose to them ; shopmen and apothe- 
carieSy who are sometimes in warm rooms, sometimes in cold shops, 
very often suffer from chilblains. No station is, however, exempt ; 
persons who always wear gloves, and seldom stir out in winter^ are 
as prone to be attacked as those who have never worn gloves. In 
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▼omeD^ chlorosis and menstrual disorders appear sometimes to 
predispose ; the frequent recurrence of chilblains seems generally 
to be connected with some peculiarities of constitution. 

As regards the treatment, it is usually extremely difficult to deal 
with those causes which are due to constitution and occupation; hence 
we are obliged to content ourselves principally with local remedies. 
In Italy, where chilblains occur pretty frequently whenever the 
winter is colder than usual, frictions with snow, and ice compresses 
are recommended. With us these are less used, and do no good, 
or at most only lessen the itching for a short time. An ointment 
with white precipitate (*5 grms. to 40 grms. of lard), friction with 
fresh lemon-juice, painting over with nitric acid diluted with 
cinnamon- water (5 grms. to 150 grms.), a solution of nitrate of 
silver in water ('5 grms. to 50 grms.), and tincture of cantharides, are 
remedies which you may employ one after another ; sometimes one 
does good, sometimes another ; hand- or foot-baths with hydrochloric 
acid (from 40 to 60 grms. to a foot-bath used for ten minutes), 
bathing with infusion of mustard seeds, are also celebrated remedies. 
If the chilblains become open upon the surface, they may be dressed 
with ointment of zinc or of nitrate of silver ('05 grm. to 5 grms. 
of lard). I have here mentioned to you only a small number of 
the remedies recommended, the effect of which I have for the most 
part myself tested, although there are many others ; these named 
will, however, be enough for you at the commencement of your 
practice for dealing with this troublesome complaint. 



LECTURE XXI. 
CHAPTEE X. 

THE ACUTE NON-TRAUMATIC INFLAMMATIONS OF THE SOFT 

PARTS. 

General etiology of acute inflammation. — Acute inflammation : — 
I. Of the cutis: a. Erysipelatous inflammation; b, furuncle ; 
c, carbuncle (anthrax, malignant pustule). — 2. Of the mucous 
membranes. — 3. Of the cellular tissue. Hot {acute) abscesses. 
— 4. Of the muscles. — ^5. Of the serous membranes, sheaths of 
the tendons, and subcutaneous mucous bursa. 

Gentlembn^ — Hitherto we have been exclusively occupied with the 
consideration of injuries ; we shall now pass on to those acute inflam« 
matory processes which are not of traumatic origin. Of these pro- 
cesses^ those that occur on the external parts of the body belong to 
surgery^ as well as those which although occurring in internal organs, 
are still accessible to surgical treatment. Although I must assume that 
you are already acquainted with the causes of disease in general, it 
nevertheless seems necessary to make some preliminary remarks on 
the subject of causation, with special reference to the diseases of which 
we are about to treat. 

The causes of the acute non-traumatic inflammations may be 
divided into the following categories. • 

I. Repeated mechanical or chemical irritation. — At the first 
glance, this cause seems to be one of a traumatic kind ; it makes, 
however, an essential difierence whether such an irritant acts onoe 
upon the tissue, or whether it is rapidly repeated, for, in the latter 
case, each successive irritation affects a tissue already irritated. An 
example will make this clear to you. Suppose that a person has a 
sharp nail in his boot or shoe, and that this nail constantly rubs 
against the same part of his foot, the result at first would be a slight 
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wound with circumscribed inflammation, which, however, would 
spread, and at the same time become more intense, as long as the 
irritation lasted. Let us now take an example of repeated chemical 
irritation. If a person, unaccustomed to pungent food, takes some 
«ajcnue pepper, a slight transitory liypertemia and aweiling of the 
mucous membrane of the mouth and stomach are the results ; if so 
pungent n substance were to be repeatedly taken for a length of time, 
it might induce severe gastritis. "With the exception of the firet- 
mentiooed example, such rapidly repeated irritations do not very 
often occur iu practice ; they have, however, a great deal to do with 
the causatiou of chronic inflammatory processes, when, even if 
insigniflcant in themselves, they act upon more or less debilitated 
parts. yVe aiiall afterwards return to this point. 

3. Caiehing cold. — All of you know that diseases of various kinds, 
especially acute catarrhs and inflammations of the joints or lungs, 
may be acquired by taking cold. But we do not know upon what 
the peculiar noxious influence in taking cold depends, or what 
changes are thereby immediately produced in the tissues. Bapid 
change of temperature is principally blamed as the essential cause 
of catching cold, yet if one tries it as an experiment, neither 
inflammation nor any other kind of disease, attributable to taking 
cold, can be produced. A person catches cold from being heated, 
and then being exposed for a long time afterwards to a cold draught 
of wind; this is a well-known fact, and by careful observation a 
person may be able sometimes to indicate tite exact moment when 
the cold seized him. There are purely local efi'ects of cold ; for 
instance, a person sits for a long time at a window, and a cold 
draught of wind blotvs on the side of tlie face which is turned 
towards it ; after a few hours he is attacked by paralysis of the facial 
nerve ; we may assume that in this ease molecular changes in the 
nerve-substance have taken place, by which the conducting power of 
Uie nerve is lost. Another person under similar circumstances is 
attacked by coujunctintis, as a result of the cold draught. These 
are purely local colds. Another case is more frequently seen, namely, 
it after catching cold that part suflers which, in the individual 

rected,isin a general waymost liable to disease — the locntminorit 

There are persona who, after catching cold in any way, suffer 
from acute catarrh of the nose (snuflles), others who from the same 
cause get catarrh of the stomach, others, again, muscular pains, 
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while others have inflammations of the joints. Inasmuch as these 
parts are by no means always directly affected by the cause of the 
mischief (as^ for example^ when any one gets his feet wet and nasal 
catarrh follows)^ we must certainly suppose that the body as a whole 
is concerned^ and that the effect of the mischief makes itself felt 
only on the loctis minoris reaistentia. Whether the nerves^ or the 
blood and other fluids of the body^ are to be regarded as the channels 
and distributors of such injurious influences to a special part of the 
body^ is a question which cannot at present be decided^ and about 
which physicians are divided into the two great camps of Neuro- 
pathologists and Humoral pathologists. Beasons may be adduced 
for both views ; I myself decidedly incline to the humoral theory, 
and consider it possible that^ for example^ when the skin is perspiring 
and suddenly exposed to the action of a draughty certain chemical 
chaiiges may result, the products of which may be retained and gain 
admission into the bloody and may then act as a sort of poison upon 
this or that organ ; of this we shall presently speak more in detail. 
According to the old form of speech those inflammations which are 
produced by catching cold^ are called '^ rheumatic '^ (from pvuna^ a 
flow) ; this expression is^ however^ so much misused and has come 
into such disrepute, that it is well not to use it too frequently. 

3. Toxic and miasmatic infection. — ^We have stated in a previous 
page that moist and dry, purulent and putrid substances, brought 
into contact with a wound, excite violent progressive inflammation, if 
such substances enter the healthy tissue either immediately after the 
injury, or, under certain already mentioned conditions, pass through 
the granulations of a wound into the tissue. We have already 
alluded to the possibility, of the very minute fungiform vegetations 
being the carriers and diffusers of the morbid material, but without 
assuming that the spread of the acute inflammations was due to such 
vegetable organisms alone. The surface of the body is pretty well 
protected by its epidermis, the mucous membranes by the mucous 
and thick epithelial layers, against the introduction of such injurious 
substances exciting inflammation and blood-poisoning, but the 
protection is by no means perfect. There are many poisonous 
substances which enter the body sometimes through the skin, 
sometimes through the mucous membranes. To some of these we 
give the direct name of poisons — for example, the secretion from 
glanderous ulcers in horses^ or from the carbunculous pustules in 
cattle ; others are known to us only by their effects or by some 



MIASMATIC ISFECnOS. o6I 



conditions of thor or^jin. That ire ianabk bodxs, viach wc 
term " ini««nuitic pcwsons " orlmAj'' ndama'^ {mirnvmrn^imfmitj) ; 
it is supposed that these miasiiis become der c fa p cd from dee om posiiig 
organized bodies. Some conader them to be g»e«, othen dnst-'ike 
bodies^ others, as abore mentioned, think tber are tcit mimite 
organisms or their germs. The action of these poisons Tiries in so 
far as some of them hare a direct phlwistic action, vhile of others the 
action is more indirect. Some poisons, as pntrid pns and cadaTcrie 
poison, excite violent inflammation at the spot vhere ther enter the 
body (infeclioiuairium), others exdte no inflammation at the place 
where they penetrate the oiganism, but are imperoeptiblj taken into 
the blood, and then set np inflammatory processes in one or more 
parts of the body though drcnlating with the blood through all the 
organs ; these poisons are to a certain extent injurious only to certain 
organs, on these they have a " specific '' action. I shall not here 
discuss the action of these poisons in causing changes in the blood. 
We have uo knowledge of the chemicallv active constituents of the 
majority of these poisons which act specifically upon one organ or 
upon certain tissues ; we cannot see them circulate, we cannot always 
see how their action is manifested ; you are, therefore, quite justified 
in asking me how it is that the existence of these substances can be 
so positively asserted. The fact is, that we decide upon the causes 
by observing the morbid processes, and, in so doing, depend mainly 
on the analogies with other poisons intentionally introduced into the 
body, basing our theories especially upon the mode of action of our 
most powerful remedial agents. liCt us take the group of the 
narcotics ; they all have a benumbing action, evinced with more or 
less intensity and with more or less rapidity, that is, they paralyse 
the psychical functions, but they have in addition the most wonder- 
ful specific effects ; thus, belladonna acts upon the pupil, digitalis 
upon the heart, opium upon the intestines, &c. AVe see the same 
thing in other remedies ; by repeated doses of cantharides we may 
excite inflammation of the kidneys ; by mercury, inflammation of the 
mucous membrane of the mouth and of the salivary glands ; these 
effects being produced whether the medicines are introduced into 
the blood through the stomach, the rectum, or the skin. So there 
is also a countless number of known and unknown organic septic 
poisons, many of which, if not all, have specific inflammatory active 
properties. I mention only one example. If you inject putrid 
fluid into the blood of a dog, you will in many cases cause not only 
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the direct symptoms of blood-poisonings bat also enteritis^ pleuritis, 
perhaps even pericarditis : must we not here suppose that the 
injected fluid contains one or possibly several substances which have 
41 specific inflammatory action upon the mucous membrane of the 
bowels^ the pleura^ and pericardium P As long as we know the place 
of entrance of the poison^ and have some experience of the poison 
itself^ there will rarely be a doubt as to the cause and action. Yet 
how many cases are there in which neither the one nor the other is 
known ! I believe that infection is a much more frequent source of 
inflammations in surgical^ as well as in internal^ diseases than we have 
hitherto been accustomed to suppose. 

I would still make a few general remarks with regard to the 
foTTM and the coune of the non-traumatic inflammations. I have 
already told you that the distinguishing character of traumatic 
inflammations is^ that of themselves they always remain limited to 
the immediate neighbourhood of the wound ; if they become pro- 
gressive^ it is generally from new mechanical or toxic (septic) 
irritation. This would signify that the primary inflammations^ 
<!aused by repeated mechanical irritation or toxic action^ have a 
tendency to progression, or at least to a diffused advance ; this is 
also the case with the majority of inflammations resulting from 
matching cold, which attack either an entire organ or a large extent 
of a portion of the body. Hence, of course, in mechanical irritation 
it is the intensity that is of decisive importance; in the toxic 
inflammations it is the quality and quantity of the poison which has 
entered, especially its more or less fermenting action upon the fluids 
permeating the tissues. As regards inflammations due to repeated 
mechanical irritation and catching cold, we do not always have 
reason to assume that the products thereof have a more irritating 
effect than those of simple traumatic inflammation ; if, however, in 
the latter case the affected part is kept absolutely at rest, and the 
lymphatics and interstices of the tissues are closed by infiltration 
in the parts about the wound, the extension of the inflammatory 
products into the surrounding parts is much impeded. But in 
repeated mechanical irritation, the tissue is not left at rest, and 
consequently the products of inflammation extend without hindrance 
into the parts surrounding the irritated spot, and here again excite 
inflammation. In inflammation produced by catching cold, accord- 
ing to my humoral theory, the materia peccans is poured perhaps 
into an entire organ, or a distinct portion of tissue, and therefore these 
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infiammations are generally dilTuse from the cnmmeDcement. We 
have as yet no clear knowledge with re^rd to the causes of the exten- 
sionof acute infiammstions ; there ia no doubt but that the aoatomical 
nbtions of the tissues, the arrangement of their fibre?, &c., play a 
part therein ; but we have also to consider individual predispositions, 
and the conduct of the patients (for example, whether they go on 
working with an inilamed hand in spite of very severe pain). 
Possibly in all acute intlammations, a ferment-like body becomes 
developed in the inflammatory focus ( a zymoid, from l^d/iri, leaven, 
yeast), which, conveyed into the tissues, not only always excites new 
iniiammatiou, but is always reproduced de jwvo in the new inflam- 
matory foci. In the absence of these hypotheses, we should he I'orced 
to assume that the inflammatory matter which first produced the 
inflammation is so intensely poisonous that, when excessively diluted 
and concealed in the tissue, it always causes inflammation ; for the 
acute inflammations, produced by mechanical irritation, this assump- 
tion would certainly not suffice. It is very important to study these 
matters, because the progression of acute inflammations is one of 
the most serious processes in the whole of pathology. If, from an 
already existing inflammatory focus, a phlogogenous material enters 
the blood, and thence acts specifically upon any organ for which it 
has an affinity, the secondary iniiammatiou produced in this way is 
called " metastatic ; " such metastatic inflammation uiay, however, 
occur in another and much rougher manner, by means of infected 
blood-clots wliich come from the veins ; of these we shall s[)eak 
more particularly in the section on thrombosis, embolism, and 
phlebitis. The o on -traumatic intlammations may terminate in 
resolution, in lirm organization of the inflammatory products, in 
suppuration, or in gangrene. We shall, however, not make any 
more general remarks on this subject, but shall now proceed to the 
inflammationa of the separate tissues. 



1. Acute hifiammotion of the culit. 

Tile simple forms of acute inflammation of the cutis (maculae, 
wheals, papules, vesicles, pustules), which arc embraced under the 
common name of the "acute exanthemata," belong to internal 
medicine. Only the erysipelatous inflammations, fumncle and 
carbuncle, are taken cognizance of in surifical works. Whilst the 
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so-called acate exanthemata are supposed to be always preceded by 
blood-poisoning and to be always of " deuteropathic '^ origin^ tbs 
theory with regard to the above-mentioned forms of dermatitis is 
generally, that they are purely local affections and of " protopathic " 
origin; we shall hereafter see how far this is correct. I must, 
however, here remark that very frequently the cutis becomes 
secondarily affected by extension, to adjoining parts, of the inflam- 
matory processes, especially of those which arise first in the sub- 
cutaneous cellular tissue, in the muscles, or even in the periosteum 
and the bones. 

(a.) The erysipelatous (£pi;afir(Xac> red-looking inflammation of the 
skin, from l^vd^og^ red, and iriXag, skin) inflammation is situated 
principally in the papillary layer and in the rete Malpighii of the cutis. 
The local symptoms are great and sharply defined redness and 
(Edematous swelling of the skin, pain on the least touch, and 
subsequent desquamation of the epidermis; these are sometimes 
accompanied by very violent fever quite out of proportion to the 
extent of the local disorder. The disease may last from one day to 
three or four weeks ; every part of the skin may be attacked, but 
spontaneous erysipelas is particularly common in the face and neck. 
According to the view of many pathologists, erysipelas of the face 
and head should, like scarlet fever, measles, &c., be regarded 
as a symptomatic inflammation of the skin, that is, the local process 
is looked upon as only one symptom among others of the acute 
general disorder. Were this so, surgery would have as Uttle to do 
with erysipelatous inflammation as with scarlet fever, measles, &c., 
but inasmuch as it occurs especially in wounded persons and 
particularly often around wounds, and is therefore one of the acci- 
dental wound diseases, we must study it yet more minutely. 
According to my own view, which coincides with that of the majority 
of modem clinical observers, traumatic erysipelas is not a symptomatic 
inflammation of the skin, but a true dermatitis always due to 
infection, such infection proceeding either from some inflammatory 
or septic focus contained in the patient's own body (such as blood 
in a state of putrefaction enclosed in a portion of the wound), or of 
external origin and gaining access to the body from without. We 
shall hereafter speak more in detail of this disease when treating of 
the accidental diseases of wounds, and we will therefore be content 
here with having just alluded to it on account of its anatomical 
connection with the other forms of dermatitis. 
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(b.) Fonincle or Phlegmon is a peculiar form of inflammation of 
the cntis^ having generally a typical course. To many of you it may 
he known from personal observation. The first thing that happens 
is the formation of a nodule in the skin as large as a pea or bean^ 
of a red colour and somewhat sensitive. Soon a small white spot 
is found at its apex^ the swelling extends round this centre, and 
becomes usually about the size of half-a-crown, or rather larger ; 
sometimes the furuncle remains quite small, only about as targe as 
a cherry ; the larger it is^ the more painful it becomes, and it may 
excite feverishness in persons of irritable habit. If left quite to 
itself, towards the fifth day the central white point becomes loosened 
in the shape of a small plug, and pus, mised with blood and detached 
ahreds of tissue, escapes on slight pressure ; three or four days 
later on, the suppuration ceases, the swelling and redness gradually 
disappear, and a punctate, scarcely visible cicatrix finally remains. 

We very rarely have an opportunity of examiniug such furuncles 
in their earliest stage, as they can scarcely ever be a fatal disease ; but 
as far as one can see of the development, and on incision into a 
furuncle, the death of a small portion of cutis seems to form the 
starting-point and the centre of an inflammatory process in which 
the blood finally stagnates in the dilated capillaries, and the tissue 
of the cutis, from plastic infiltration, is partly converted into pus and 
partly detached in a gangrenous state. The opinion has already 
often been expressed that the necrosed centre of a furuncle is a 
cutaneous gland ; according to the observations of Kochmanu, it is 
very often a sweat-gland, in and around which fibrinous inflammation 
forms, the sebaceous glands also being liable to similar morbid 
processes. The essential peculiarity is, that such a centre of inflamma- 
tion exhibits^ as a general rule, no great tendency to spread diffiisely, 
but the whole process runs a circumscribed course, and is wont to 
terminate with the detachment of the little plug as above described. 

There is no doubt that in very many cases the formation of single 
furuncles is due to purely local causes. Some parts of the skin 
where the secretion of the cutaneous glands is particularly copious, 
such as the perinseum, the axillse, are especially liable to the 
formation of furuncles. These also occur very frequently in persons 
who have very large sebaceous glands, and so-called pimples, grubs, 
or comedones. But undoubtedly there are also general conditions 
of the body, diseases of the blood, which predispose to the formation 
of numerous furuncles in various parts of the body. This morbid 
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diathesis is called Furonculosis ; it may, if of long standing, be very 
exhaustive to the organism: it causes emaciation and loss of 
strength from pain and sleepless nights^ and may prove fatal to 
children and old weakly persons. Among people in general the 
formation of furuncles is associated with fulness of blood and 
corpulence, and it is believed that fatty articles of food predispose to 
it. In my country, Pomerania, they call such persons who suffer 
much from pustules and furuncles '^ suppurative ^' {siicAli^). I 
very much doubt the truth of the supposition that fatty articles of 
food particularly predispose to the formation of furuncles. You 
will often meet with cases of furunculosis in very miserable atrophu^ 
children and in emaciated sickly people, and although the imperfect 
attention to the skin has to be made allowance for, yet it is by no 
means the sole cause of the origination of furuncle. It is true that 
very well-fed butchers are very liable to furuncles, but this may be 
explained in some other way, rather than by attributing it to 
superabundance of fatty food, for it can not unfrequently be proved 
that in them the furuncles are due to poisoning from the carcases 
of dead animals, or some morbid matter from diseased animals; at 
least some such cause as this should always be sought for. On the 
other hand, I think it is going too far to assume that every furuncle 
is caused by infection, and is always to be regarded as one symptom 
out of many of a generally suppurative diathesis, of a pysemia. 
Kochmann supposes that general furunculosis is usually a symptom 
of diabetes ; we shall shortly allude further to this subject when 
speaking of carbuncle. 

The treatment of single furuncles is very simple. Attempts have 
been made to cut short the process and prevent suppuration by the 
early application of bladders of ice ; this, however, rarely succeeds, 
and it is, moreover, a tedious process, seldom in favour among 
patients. I think that the best plan always is to expedite the 
suppuration as much as possible by warm moist applications, and, if 
the furuncle does not spread too much, quietly to wait for the 
separation of the central plug, then gently to squeeze out the 
furuncle, and to do nothing more. If the furuncle be very large 
and the pain very great, we may make a simple incision, or a crucial 
one, through the tumour ; the escape of blood and the more rapid 
occurrence of suppuration will then assist the natural course of the 
process. Owing to the inconvenience of poultices^ which necessitate 
confinement to the house and prevent work, many persons use 
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ttets made of soap, or of honey vith meal or saffron, and such 
; these are credited with some mysterious properties for drawing 
out the pus ; I have not found that these plasters do any harm, 
and therefore do not raise any objection to their use, but they 
certainly do not possess any peculiar advantages. 

General furunculosia is a very dif&cnlt disease to deal with 
successfully, especially as we know little of its cause. As a general 
rule, we give preparations of quinine, the mineral acids, and iron 
internally. Besides these, general warm baths continued for some 
length of time arc to be recommended, jVIso, a strictly regulated 
diet, nourishing animal food, with good wine, is particularly advisable. 
The separate furuncles are to be treated as above described. 

(e.) Carliuncle and carbunculous iujlammalioii. — AnlAi-ax {Car- 
buncuius, Kohlenbeule, a burning swelling, the subsequent Latin 
translation comes from the older word avCpaS, a coalj resembles 
anatomically a group of several furuncles lying close to one another. 
The whole process is more extensive and intense, and more inclined 
to gradual progress, so that other parts are involved by the inflamma- 
tion continuing to spread. Many carbuncles, lite most furuncles, 
are originally a purely local disease ; their chief seat is the hard skin 
of the back, especially in old persons. Their origin and the way in 
which they spread are the same as in furuncle, bat soon a large 
number of white points form near each other, and around these the 
swelling, redness, and pain increase, in many cases so incessantly that 
the whole extent of the carbuncle may attam the size of a soup-plate, 
and whilst the detachment of the white gangrenous plugs of skin is 
going on in the middle portions, the process not unfrequently extends 
at the periphery j this tendency to peripheral spreading is character- 
istic of carbuncle, and distinguishes it clinically from furuncle. A 
much larger quantity of gangrenous tissue is detached in carbuncle 
than in furuncle. After the separation of the plugs of cutis the 
skin appears perforated like a sieve, hut not unfre(|uently afterwards 
suppurates, so that a carbuncle is always followed by a very large 
cicatrix. But even when the process is most intense, it is almost 
always confined to the skin and subcutaneous cellular tissue; it 
rarely happens that fascia; and muscles arc destroyed by the gangrene, 
80 that in a large carbuncle in the neighbourhood of large arterial 

Kinks, destruction of the walls of the vessels is not so liable to occur 
might be feared. This is shown by experience. 
This confinement of the morbid process to the skin and aubcu- 
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taneous cellular tissue is very characteristic of the fibrinous 
(diphtheritic) inflammations^ so that on this account^ and also 
'because of the hard infiltration and the constant death of the tissue 
once infiltrated^ I do not hesitate to designate carbuncle as .a 
diphtheritic inflammation of the skin. I have hitherto had no 
opportunity of examining for the presence of micrococci in the 
fluid recently expressed from carbuncles ; the discovery of a few 
vegetable organisms of this kind in the gangrenous and exposed 
shreds of tissue^ cannot prove anything with regard to the origination 
of anthrax from micrococci. Kochmann thinks that carbuncles, 
like furuncles, arise originally around a sweat-gland, or simultaneously 
around several glands lying near each other. J. Neumann dis- 
tinguishes between a carbuncle of the cutaneous glands and a 
carbuncle of the cellular tissue. I cannot decide vtrhether such a 
distinction can be made, for I have not had sufBciently frequent 
opportunities of seeing carbuncle in its primary stage. 

After the extensive loss of the cellular tissue and the final arrest 
of the process in the periphery, healthy and usually very luxuriant 
granulations are formed; heahng goes on in the usual manner, 
the time required corresponding to the size of the granulating 
surface. 

Carbuncle occurring on the back is usually a tedious and painful 
affection, though it rarely causes death. There are, however, cases, 
especially when the carbuncle,or a diffuse carbunculous inflammation, 
occurs on the face or head, which at an early stage are associated 
with symptoms of a septic, or as was formerly called of a " typhoid,'* 
character (not always with increase of temperature) ; such cases are 
very dangerous, and usually terminate fatally (malignant carbunde, 
malignant pustule). It is not every carbuncle of the face that 
possesses this malignant character ; some run the usual course, and 
leave only a disfiguring cicatrix ; but as it is very difficult, often 
indeed impossible, to predict at the commencement how the case 
will turn out, I recommend you always to give a careful prognosis. I 
have had, unfortunately, such sad experience of these carbuncles of 
the face, that any case of the kind makes me very careful and anxious 
as to the ultimate issue. Let me tell you briefly of a few such 
cases. 

A young, powerful, healthy man was, while on a journey to 
Berlin, attacked without known cause by a painful swelling in the 
lower lip ; this increased rapidly and soon spread over the whole 
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lip^ while the patient became very feverish. The surgeon who was 
called iu applied poultices^ and did not appear sufficiently to 
appreciate the gravity of the complaint^ as he failed to visit the 
patient for two days. On the third day the face was greatly 
swollen^ and the patient had had a violent attack of shivering^ and 
was, moreover, quite delirious when admitted into the surgical wards. 
I found the lip dark bluish-red in colour, and dotted over with 
numerous white gangrenous patches of skin. A great many 
incisions were at once made ; the wound was dressed with chlorine 
water, cataplasms applied, and a bladder of ice placed on the head, 
as meningitis was setting in. As soon as I saw the patient, I 
declared his condition to be hopeless ; he soon fell into a deep stupor, 
and died twenty-four hours afterwards, four days after the com- 
mencement of the carbuncle on the lower lip. Unfortunately, an 
autopsy was refused. 

I will mention another case. A student in Zurich received a 
sword-cut over the left parietal bone. The wound healed without 
any remarkable symptoms, but some time elapsed before it perfectly 
closed. A small open wound remained for a long time, but was so 
inconsiderable that the patient thought nothing of it. Violent 
efforts while fencing, and perhaps taking cold afterwards, may have 
been the exciting causes of the following catastrophe. The young 
man awoke one morning with rather severe pain in the cicatrix 
and general feeling of illness ; a rosy redness and, at first, moderate 
swelling of the scalp led me to suspect an attack of simple erysipelas 
of the head. The fever, however, increased in an unusual manner, 
without the redness spreading over the whole of the head. An attack 
of shivering came on, and the patient became violently delirious. 
When brought into hospital on the third day, I found in the 
neighbourhood of the cicatrix a number of small white points which 
at once showed me that I had to deal with a case of carbunculous 
inflammation, and as the patient was quite unconscious, and a 
complication with inflammation of the membranes of the brain 
appeared from various reasons very probable, I held out very little 
hope of recovery, gave the necessary directions, but found on the 
next day that the patient was dead. The autopsy showed several 
white gangrenous points in the inflamed cicatrix of the scahp ; on 
further examination the neighbouring veins were found plugged up 
with clots, and all along their course the surrounding cellular tissue 
was swollen, and in places dotted over with points of pus. I could 

A A 
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follow this diseased condition of the veins anteriorly as far as the 
orbit, but stopped here, not wishing to injure the eye. After opening 
the skull, as soon as the brain was removed, a moderately inflamed 
spot about as large as half-a-crown was found in the left anterior 
cranial fossa; the disease affected both the dura mater and the pia 
mater, and in some degree involved the surface of the brain substance. 
There was no doubt that the inflammation, proceeding from the 
cicatrix on the head, had extended along a frontal vein into the 
cellular tissue of the orbit, and thence through the foramen opticum 
and sphenoidal fissure into the skull. 

The inflammation here described cannot exactly be termed 
anthrax, but rather a form of inflammation of the skin and cellular 
tissue similar to the process in that disease, and which, according to 
my present experience, I should like to call diphtheritic phlegmon ; 
the erysipelatous redness associated with it also accords with 
diphtheritis. We shall hereafter have more to say on this subject. 

In many cases of malignant carbuncle of the face, we shall find 
on very careful examination an extension of the inflammation into 
the cranial cavity and a consequent disease of the brain, as in the 
case just given. But I must mention to you that the extent of this 
inflammation, as found in the dead body, is in no proportion to the 
great violence of the general symptoms, so that the latter are by no 
means explained by the post-mortem appearances. Indeed there are 
cases, and sometimes those running the quickest course, where death 
occurs without our being able to find any disease in the brain. 
There is here plenty of room for hypothesis ; the rapid violent course 
and the quick transition of carbunculous inflammation into gan- 
grenous disintegration suggest the possibility of a rapidly occurring 
decomposition of the blood, of which the carbuncle itself may be 
T^rded either as the consequence or the cause. But inasmuch as 
the decomposition of the blood must also have its cause, it has been 
supposed that perhaps an insect which has alighted on some carrion, 
or on the nose of a glandered horse, or a cow with carbuncle, &c., 
may then settle upon a man and thus infect him ; you will hereafter 
learn that malignant carbuncles especially result from the poison of 
carbunculous cattle. I know of no cases in which this process has 
been actually demonstrated, but I do not consider it impossible that 
such instances may occur; this assumption is supported by the fact 
that these carbuncles are particularly prone to occur on parts of the 
body which are usually exposed. At all events, the violent fever 
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and the fatal blood-infection are the conseqtiences of the local 
process ; we must therefore assume that in these carbiincles^ onder 
certain conditions not exactly understood, materials of a pecoliarij 
intense poisonous nature are formed, which when absorbed into the 
blood cause death. But the exciting cause of this malignant 
carbuncle is, in the majority of cases, extremely obscure. The great 
difference in the general symptoms in anthrax harmonises well^ 
according to my present experience, with the assumption that this 
disease belongs to the cat^ory of the diphtheritic processes, one 
great characteristic of which is that their local extent is in no sort of 
p]:oportion to the intensity of the general toxic symptoms* I do not 
know whether paralyses, which are so frequently seen after diphtheritis 
of the pharynx and larynx, occur after anthrax. Carbuncles occur 
in diabetes mellitus and unemia, just as sugar is observed in the 
urine of persons otherwise healthy in whom furuncles and carbunclirs 
are spontaneously developed (Wagner); these are puzzling facts. 
Possibly these latter observations are to be explained by the fact 
that patients with carbuncle were previously only apparently healthy ^ 
they may possibly have had slight diabetes without this licing 
known either to them or to their medical attendant. Fortunately, 
carbuncles are not very common; even the simple benignant carbuncles 
are so rare that in the extensive surgical policlinic of Ikriio, where 
every year from five to six thousand patients came before rne, I 
saw perhaps only one carbuncle every two years. In Zurich also 
they were extremely rare. I can form no judgment as to the 
frequency of this disease here in Vienna, for these cases are nmuWy 
relegated to the department for diseases of the skin. The diagn/isis 
of ordinary carbuncle is not difficult, especially when the complaint 
has been once seen ; diffuse carbunculous inflammation can only 1h; 
recognised after a period of observation; it looks, at iiM, like 
erysipelas. 

The treatment of carbuncle must be very energetic, if we would 
prevent the spread of the disease. As in all inflammation*^ Umding 
to gangrene, numerous incisions should be made early, in order tliat 
the decomposed putrid tissue and fluids may esca|ie. In every 
carbuncle, therefore, you should make large incisions through the 
entire thickness of the skin ; these should cross each other and be 
long enough to completely divide the infiltrated integument, and 
extend as far as the healthy skin. If these prove insufficient, you 
must make a few more incisions, particularly wherever the gangrene 
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of the skin is indicated bj the white points. The bleeding from 
these incisions is relatively inconsiderable^ the blood being coagu- 
lated in most of the vessels in the carbuncle. Lint dipped in 
chlorine water should be placed in the incisions, and renewed every 
two or three hours. When the tissues begin to separate, you should 
draw out every day with a pair of forceps the semi-detached shreds 
and cut them off without causing bleeding, and thus endeavour to 
expedite as much as possible the cleansing of the wound. Vigorous 
granulations will soon show themselves in places ; at last the remain- 
ing shreds become detached, leaving a honey-combed porous granula- 
tion surface, which soon becomes level and afterwards cicatrizes 
in the usual way, so that its healing, like that of other granulating 
surfaces, requires only a little assistance from nitrate of silver. 
With regard to malignant carbuncle, the local treatment is the same 
as that just described. All we can do for the affection of the brain 
which so rapidly supervenes is to apply a bladder of ice to the 
head. As internal remedies we generaUy give quinine, acids and 
other antiseptics. Unfortunately, I must confess that the results of 
this treatment are exceedingly small ; in my own experience I have 
not met with a case in which it succeeded in averting the fatal issue 
when septicaemia was to any extent developed, which is the* more 
disheartening, inasmuch as these malignant carbuncles genially 
attack young and vigorous persons. Even when the termination is 
favorable as regards life, there will certainly be considerable loss of 
skin and great disfigurement, especially in carbunculous inflammation 
of the eyelids, or of the lower and upper lip, as these parts are in a 
great measure destroyed by gangrene. Even very early incision,, 
excision, and burning out of the carbuncle, are of little effect as 
regards the further course of the disease, as I have been able to^ 
prove to myself in a few malignant cases. But you should not be 
deterred by these hopeless prospects of treatment from making free 
incisions at an early period, for cases do occur in which carbuncles 
on the face run the usual course, although associated at the 
commencement with violent fever. French surgeons have reported 
some favorable results from burning out malignant pustules at an 
early stage. 

2. Acute Inflammation of the Mucous Membranes. 

Whilst traumatic inflpimation of the mucous membranes presents- 
no peculiarities^ the ''acute catarrh,'^ or the ''acute catarrhal 
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inflammatioii '^ is ; 

branes, and which is 

somewhat osdeniatoiis swdlii^ 
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surface remains hypenemic and swollen^ somewhat thirtmrd and 

pa{^ ; in rare cases there is sopcdkial lorn of epithflinm with small 

breaches of tissue (catarrhal nloen)^ hot it is only in exiicrndt rare 

•cases that these are followed by more c jUam w e destraetiaa. This 

observation is supported by post-mortem ezaminatioo and hiatdo^gieal 

investigation. The view which now obtains is^ that in catarrh there 

is only a more rapid detachment of the epithelial ceDs^ which 

approach the surfeuse as pus-cdls, and that the oonnectiTe-tiaHie 

layer of the mucous membranes takes no part in the proeem. 

Although many attempts were made to discorer processes of division 

in the cells of the deeper epithelial layers of mocons membranes 

affected with catarrh^ they were unsuccessful until at last Bemak, 

Buhl^ and fiindfleisch discovered large mother-cdls in the epithelial 

layers of such membranes. 

It was most natural to interpret this observation by snpposing 
that the mother-ceUs were formed from the epithelial cells by 
endogenous division of the protoplasm, and that subsequently the 
brood of cells became exposed (as pus-cdls) by the bursting of the 
membrane of the mother-cells. In opposition to this view it was 
repeatedly asserted that in this case the mother-cells would be 
constantly found on catarrhal mucous membranes, whereas the fact 
is that they are discoverable only at the commencement of the 
affection, and then only in small numbers ; their appearance therefore 
has in recent times been explained quite differently. Steodener and 
Yolkmann first advanced the opinion that in tUs case the young 
<^lls do not originate from older ones, but that they may enter the 
latter from without under certain favorable mechanical conditions, and 
that they have nothing to do with the origin of the pns. Although 
ibis assertion is very difficult to prove, yet after repeated consideration 
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and bringing together known facts, it seems to me to be veiy 
probable. This is not the place to go into the details of this 
subject, although, as it can be demonstrated hj the cinnabar method 
that the white blood-cells escape from the vessels of the inflamed 
mncoQB membrane apd not only pass between the epithelial cella, 
but are also found as pus-cells in the catarrhal secretion, I am 
inclined to think that the pus in catarrh has the same origin s» 
otheT pus, that is to say, that it comes directly from the blood. 



Fig. 67. 




Epithelial lajer d[ ■ conjanotiTa affected with catarrh. After RindfieiBch. 
Magnified abont 400 diuneteia. 



Besides the catarrhal iuflammation, there are other forms peculiar 
to mucous membranes, viz. the " croupoas " (£rom " croup ; " 
hantige Braoue) and the " diphtheritic " (from Stf 0fpa, a skin). 
In inflammation of the mucous membranes, if the inflammatoij 
products (cella and transudation], which appear on the surface, form 
fibrinous material and thus become an adherent membrane, which 
ftftet some time dissolves into mucus and pus, or is removed by 
the pus which is produced beneath it by the mucous membrane, this 
is called a " croupous inflammation ; " the mucous membrane with 
its epithelinm remains intact in this affection, and perfect restoratioii 
ensoes. Diphtheria is exactly similar to the process above described, 
but not onlj does the flbrinous layer adhere more firmly to the 
tissue, but the serum which permeates the substuice of the diseased 
mucous membrane also coagulates ; in this way the circulation of 
the fluids of the tissue and of the blood is impaired to such a 
degree that sometimes the diseased portion becomes completely 
gaogrenooB. The general disorder, the lever in extensive croupoas 
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inflammation (for example^ of the finest bronchi and alveoli of the 
longs^ croupous pneumonia), may be very severe, but in diphtheria 
it has more the character of a septic infection ; diphtheria is there- 
fore a far more malignant disease. The mucous membrane of the 
pharynx and trachea is often exposed to both forms of the disease. 
The conjunctiva, which is so very frequently affected by catarrh, may 
be attacked by diphtheria, but seldom suffers from the croupous 
form of inflammation. The mucous membrane of the intestinal 
canal is only rarely the seat of these affections, which also seldom 
invade the mucous membrane of the genital organs, which are so 
often affected by contagious blennorrhoea (Tripper ; gonorrhoea, from 
y6vo^j semen). 

Micrococci are almost always found in large quantities in the 
diphtheritic layer covering mucous membranes ; it is not yet proved 
that these organisms are of a peculiar kind and are the cause of the 
disease, though this has been frequently asserted. It is extremely 
probable that the contagious matter of diphtheria may depend upon 
these vegetable organisms, or may penetrate into them. We shall 
hereafter return to this question when treating of a form of 
ulcerous diphtheria of wounds, the so-called hospital gangrene. 



3. Acute Inflammation of the Cellular Tissue. 

Phlegmowms inflammation. — ^This term involves a pleonasm, for 
'^i^Xeyfiovfi'' by itself means ''inflammation/' it is, however, 
practically so exclusively employed to designate inflammation of the 
cellular tissue leading to suppuration, that every surgeon knows 
what it means; another name for the same disease is pseudo- 
erysipelas ; this is just as much in use, but it seems to me to be less 
distinctive. The common English expression '' cellulitis '' instead 
of '' inflammatio telse celluloss " is certainly short and convenient, 
but it involves too great a contradiction to our present idea of the 
''cellula,'^ so that I cannot recommend it. The causes of these 
processes of inflammation are, in very many cases, exceeding]^ 
obscure ; a violent cold can rarely be proved to be the exciting cause ; 
such inflammations might often enough be caused by infection even 
with the skin entire ; this, however, is only an hypothesis. We have 
already met with these progressive acute inflammations as accidents 
attending injuries, particularly as a consequence of local infection 
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from shreds of tissue becoming gangrenous in contusions and con- 
tused wounds. Spontaneous inflammation of the cellular tissue 
most frequently occurs in the limbs^ and more often above than 
beneath the fascism ; it is especiaUj prone to occur on the fingers and 
hand^ where it is termed " panaritium *' (a corruption of paronychia, 
inflammation about the nail, from ovv^), and also " panaritium sub- 
cutanenm/' to distinguish it from the deeper-seated inflammations 
also occurring in the fingers and hand. If the infiammation attacks 
the neighbourhood or the bed of the nail, it. is termed ^'panaritium 
subungue.'' Let us take as an example the symptoms of a 
phlegmon on the forearm ; it usually begins with pain, redness, and 
swelling of the skin, generally associated with violent fever; the 
skin is somewhat (edematous and very tense. With such a com- 
mencement, which always indicates acute inflammation of the arm, 
the seat of the mischief may vary very much as to its depth, and 
during the first few days you will not always be able to decide 
whether you have to deal with an inflammation of the subcutaneous 
cellular tissue, with a perimuscular inflammation beneath the fasciae, 
or even with inflammation of the periosteum or of the bone. The 
greater the oedema, the more severe the pain, the less the redness of 
the skin, the more intense the fever, the greater is the probability 
that you have before you a deep-seated inflammatory process which 
will terminate in suppuration. If the inflammation affects only the 
subcutaneous cellular tissue, and if, as is generally the case, suppu- 
ration occurs (although it may terminate in resolution), this is 
indicated by increased redness and evident fluctuation, becoming 
perceptible at one spot in the course of a few days. Then the pus 
either escapes through an opening of spontaneous origin, or is let out 
by an incision. If the inflammation affects portions of the body 
where the skin, and especially the epidermis, is particularly thick, as 
in the hands and feet, there will, at the commencement, be but little 
redness visible, this being hidden by the very thick horny layer of 
the epidermis. Great pain, and a peculiar feeling of throbbing and 
tension, in the inflamed part indicate the formation of pus under the 
skin. 

In some cases, while these changes are going on, a portion of the 
skin becomes gangrenous, its loss of vitality being due to the dis- 
turbance of the circulation by the intensity of the inflammation. 
The fasciae are also sometimes threatened by these inflammations ; 
they then appear through the openings in the cutis as large^ white^ 



coosistent, filamentous shreds. This is particularly the case in 
inflammations under the scalp, which often spread over the whole of 
the skull; the entire epicranial aponeurosis maj thus perish. 

Let us now puss to the more minute anatomical changes which 
take place in acute inHammation of the cellular tissue. TVe shall 
not now return to the controversy aa to whether vesselsj tissues, or 
nerves are first affected in the inflammatory process, but shall only 
allude to what we can observe on direct anatomical examination, 
A series of observations on the dead bodies of persons who have 
died from such iiiflummations, or on limbs which have been ampu- 
tated when thus afi'ected, and in which, in various cases, the cellular 
tissue is found in every stage of inflammation, give us tolerably 
complete information with regard to these processes. The first 
things that we find are, distension of the capillaries, and swelling of 
the tissue by serous exudation escaped from the vessels, and at the 
same time, varying according to the stage, copious plastic infiltra- 
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swollen, much reddened, and very painful skin. Subsequently the 
great accumulation of cells in the inflamed connective tissue and fat 
becomes more and more prominent. These tissues become very 
tense, and there is stagnation of blood in the vessels at various 
points, the circulation at some places completely ceasing. This 
stagnation of the blood, which at first causes a dark blue colour 
and then a whiteness of the affected tissue in consequence of rapid 
discoloration of the red blood-cells, may extend so far as to cause 
extensive gangrene of the tissue, a termination to which we have 
already alluded. This, however, does not occur in the majority of 
cases, but, while the cells increase, the fibrillary intercellular 
substance disappears and dies, partly in the shape of small shreds 
and particles, partly by gradually assuming a gelatinous consistence 
and finally becoming quite fluid. 

As these changes progress, the whole of the inflamed spot is finally 
converted into pus, that is, to fluid tissue, consisting of cells with 
some serous intercellular fluid, which is mixed with many shreds of 
dead cellular tissue. Suppose that the whole process conmiences in 
the subcutaneous cellular tissue, extends in all directions, most 
rapidly where the tissue is most vascular and relaxed, the purulent 
destruction of tissue, the suppuration, will by degrees extend to the 
cutis from within, perforate it at some point, and then through this 
perforation the pus will escape externally. When this occurs, the 
process often ceases to spread. The tissue surrounding the purulent 
collection is copiously traversed by cells, and highly vascular ; it 
resembles anatomically a granulation surface (without showing 
always distinct granules), which therefore lines the whole cavity. 
When the pus has all escaped, the walls of the cavity come together 
and unite tolerably rapidly in most cases. The plastic infiltration 
continues for some time longer, and the skin, therefore, remains 
firmer and stiffer than usual. Gradually, however, the normal state 
becomes re>established, partly by disintegration and absorption of 
the infiltrating cells, and partly by conversion of the same into 
connective tissue. 

You will readily perceive that there is no great anatomical difference 
between the processes as such, whether diffused or circumscribed ; 
the finer changes in the tissue are exactly the same in a diffuse as 
in a circumscribed infiammation of the subcutaneous cellular tissue. 
In practice, however, a distinction is made hetweeu purulent infil- 
tration and abscess. The first term explains itself; by abscess we 



PBLROKOROITB IKFLAiniATTOir. 



37» 



1 accnstomed to understand a ciicomscribed collection of pus, 
xnd thereby to cicclude from oar idea nny furtlier spread of the 
inflammatory process; kot alteirssea are those which form rapidly 
from acate inflatnmatioD, in cod trad istincliou to coUl a6«ce/i*es or 
those which result from a chronic inflammation. The subjoined 
figure may give yoa a dearer idea of the process of the formatioa 
of abscess (Fig. 69). 

Fio. 69. 







,FDruIeat mfiJtration of (he conneclivo titiue of the cntii, tbt piu becoming 
luent sad formiag an abtceM in the midille. A diagraDi. UacniScd 

diiuueters. 



You see. here how the young cells Iiare become infiltrated into the 
tissue while the intermediate substance constantly dccrcai>CH, liow 
also in the middle of the drawing, in the centre of the inflamed arcs, 
groups of cells unite and form a collection of pai ; every abscess has 
consisted at first of such separate collections of pus, it increases by 
peripheral extension of the suppurating proce^ss. Formerly it was 
supposed that in all places where the pus-cells thus appeared 
coUecled together into gronps tiiey were all to be regarded as the 

Ipoducts of the connective tissue-cells ; according to the views now 
^d there is no doubt that these young cells are almost all of them 
ivbitc blood-cells which have escaped, aiid which only from mechanical 
biuses Bomctimes collect together in a pecnliar manner in groups. 
The fat, which is generally conUined in abundant quantity in the 
nbcutaucous cellulai tissue, usually perishes in the acute iiiHaminatoiy 
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procesaea, the fat-cells being to some extent crushed by the masses 
of new cells, and the fat itself becoming fluid ; Hub.iequently, it is 
occasionally found in the form of drops of oil mingled with the 
pus. In this preparation yon may see the microscopic appearance 
in inflammation of the adipose tissue (Fig. 70). 

Fig. 70. 




Funilent iafiltrstion of tbe adipose layer. Magnified 350 diameters. Prom 
a prejiaratioD bardened ia alcohol. 

In examining such preparations we not anfrequently find 
t»agulated filaments, as in coagulated fibrine, infiltrated into the 
tissue; possibly these are formed at the commencement of the 
inflammation as previously described, but it is also possible that 
these filaments belong only to the fully formed pus ; in onr prepara- 
tion they may, perhaps, be principally artificial productions due to tbe 
alcohol. 

I must call your especial attention to the fact that, until the 
process is arrested, there is always a progressive softening of the 
tissue infiltrated with pus, a suppuration, in contradistinction to the 
fully developed granulating surface, from which there ias superficial 
secretion of pus, without any loss of tissue being caused thereby. 
All suppurative parenchymatous inflammations have a disorganizing 
•(deleterious or clestnictiTe) effect upon the tissue. 

As regards the relation of the blood-vessels to the new formation 
of the young tissae and its speedy disintegration and liquefaction, 
it has been already mentioned that they are at first dilated, and 
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Ehat then the blood stagnates io them ; if the circulation be quite 
arrested in certain portions of tissue, io which case the congulation 
in the veins sometimes spreads to a very considerable distance, the 
walls of the vessels and the clot suppurate or break up into shreds, 
as far as the boundary where the circulation again begins. As we 
have previously seen when studying the detachment of necrosed 
shreds, vascular loops must form on this border of the hving tissue ; 
the whole inner surface of the cavity of an abscess, with regard to 
the arrangement of its vessels, resembles therefore a granulating 
surface folded up in the form of a sack. 

With regard to the lymphatic vessels, we may conclude from 
analogy that io the case before us, as in the neighbourhood of 
wounds, they become closed by the inflammatory new formation j 





Vessels (artificial I; injucteil) from Ibe walls of nn absceu artificially produced 
ia ILb tongue of a dog. Magnified 25 diameters. 

I Special investigations on this subject would be very desirable. As 

»oon and as long as an abscess is surronnded by a vigorous layer 

■of tissue inliltrat«d with plastic material, from reasons already 

^mentioned, purulent and putrid substances will not be readily 

absorbed from the cavity of the abscess. I can give you practical 

evidence of this ; if in the wards you smell the pus of an abscess 



^^ 
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from the neighbourhood of the rectum or from the mouth, it will be 
found to have an exceedingly penetrating putrid odour, and jet it 
is not absorbed by the walls of the veins, or it is so only in extremely 
small quantities ; symptoms of general poisoning by septic matter 
very seldom occur. At the commencement, however, of the inflam- 
matory process, and then at a later period, if it be accompanied 
by rapid destruction of tissue, as in many progressive inflammations 
around contused wounds, and in spontaneous phlegmon of the 
flubcutaneous cellular tissue, &c., — the lymphatic vessels not 
being as yet stopped up by new formation of cells and tissue- 
organized inflammatory new formation possibly does not occur at 
all, or only at a subsequent period when the gangrenous destruction 
is becoming defined ; but before this occurs the products of de- 
struction of the decomposing tissue find their way into the open 
lymphatic spaces, and act upon the blood and produce fever. 

Although the inflammation of the cellular tissue may occur 
occasionally at any part of the body, it is most frequent in the hand, 
forearm, parts about the knee, foot, and leg. Lymphangitis often 
accompanies phlegmon, and frequently precedes its spread ; of this 
we shall speak subsequently when treating of accidental diseases of 
wounds. 

The intensity and duration of the fever which accompanies these 
inflammations, depend upon the quantity and quality of the material 
thus absorbed. At first, in a certain degree, a large quantity of 
such inflammatory products finds its way into the blood, hence 
usually at the commencement there is violent fever, sometimes with 
shivering ; as the inflammation progresses, the fever continues, and 
it ceases when the further absorption of the inflammatory product is 
arrested by the above-described metamorphoses of the tissue ; the 
process then stops and the formation of abscess is complete. The 
quality of the inflammatory material formed in inflammations of the 
cellular tissue certainly varies greatly ; there are cases of phlegmon, 
for example, deep in the neck in old people, in which such intense 
inflammatory poisoning ensues that the patients speedily die without 
the supervention of other symptoms. It is the same therefore as 
with carbuncles, some cases of which cause but little fever, others 
produce a fatal septic fever. If the phlegmon has been caused by a 
dangerous poison, such as that of glanders, we cannot, after the 
experience we have had, be surprised at the fatal issue; but in the 
case of those phlegmons which are of spontaneous origin, and have 
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arisen without known cause, it is always very mysterious why some 
cases should be so extremely severe, while most of them are relatively 
slight. 

The prognosis in phlegmonous inflammations varies very greatly 
according to the position, extent, and cause. While the disease 
occurring as a metastasis in a general inflammatory or purulent 
diathesis, or as a consequence of glanders poison, gives little hope of 
cure, while deeply seated abscesses, for example, in the walls of the 
abdomen, and in the pelvis, are at least very slow in their course 
and may be dangerous to life from their locality, or may impair the 
functions of the parts by destruction of fascise, tendons and skin^ 
most cases of phlegmon on the fingers, hand, foot, forearm, &c., 
are only slight diseases of short duration, although very painful. 
The more rapidly suppuration sets in, and the more circumscribed 
the whole of the inflammatory area, the better the prognosis. 

With regard to treatment, at the commencement of the disease 
we endeavour, if possible, to arrest the development of the process, 
that is, to obtain the earliest possible complete absorption of the 
serous and plastic infiltration. For this purpose there are various 
remedies ; in the first place, the external application of mercury ; the 
whole of the inflamed portion of skin is covered over with a thick 
layer of mercurial ointment, the patient is kept in bed, and the 
inflamed extremity is enveloped in warm moist cloths or covered 
with large poultices. It is, in addition, very important to elevate 
the inflamed parts as much as possible ; the arm may be suspended 
vertically by means of an adhesive plaster-dressing as Volkmann has 
proposed ; the return of the blood is thus greatly facilitated, and 
the stagnation in the inflamed parts diminished ; the efiBcacy of this 
position has been for a long time undervalued. The application also 
of ice may be adopted from the commencement^ if the whole inflamed 
part can be covered with several bladders ; there is, however, no 
certainty of a successful result, and the cold is very unpleasant to 
many patients. Compression, by covering the parts with adhesive 
plaster or bandages, would likewise be an effective remedy for aiding 
absorption, but it is little used in these inflammations ; in the first 
place, because the compression of these inflamed parts causes much 
pain, and in the second place, because the remedy is not altogether 
free from danger, as gangrene may be easily induced by a little too 
much pressure. If the process does not subside soon after the 
employment of the above-mentioned remedies, but all the symptoms 
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rather increase^ we must give up hope of a termination in resolution^ 
and use means to expedite the suppuration^ which we can now no 
longer prevent; the application of moist warmth is particularly 
suitable for this purpose^ especially in the form of warm moist 
dressings. As soon as distinct fluctuation is detected at any spot^ 
we do not as a rule leave nature to make the opening, but divide 
the skin to give vent to the pus ; if the suppuration extends under 
the skin for a considerable distance, we make openings in several 
places ; at least I prefer these to the huge incisions through the 
skin^ from the elbow to the hand for instance, because in the latter 
case the skin gapes very widely and takes a very much longer time 
to heal. If the escape of pus goes on in a normal manner from the 
openings which have been made, extreme cleanliness is the only 
thing necessary ; local warm baths will be found very convenient 
and of great service. You will often hear it said that early incisions 
into phlegmons may prevent extensive gangrene of the skin or the 
occurrence of suppuration. Unfortunately, I am unable to confirm 
this assertion, for I have often enough seen the occurrence of 
gangrene and suppuration of the skin even after early incisions ; 
according to my observations this is far more dependent upon the 
intensity of the inflammatory process than upon the tension of the 
skin due to the subcutaneous accumulation of pus. Nevertheless I 
think that early incisions are very proper in phlegmons, because it 
appears to me that the advance of the process may sometimes be 
checked by carefully pressing out the serum from the inflamed 
tissue. 

While the opening of abscesses of the subcutaneous cellular tissue 
is a very simple matter, and unattended by danger, " oncotomy " 
(from 071COC, protuberance, a tumour) in deep-seated abscesses 
requires great attention according to the anatomical relations of the 
locality ; the diagnosis, for instance, in these suppurations of the 
neck, pelvis, and abdominal walls may present great difficulties, and 
can generally be positively determined only after a long period of 
observation; nevertheless it may be desirable to evacuate the abscess 
at an early period, partly to relieve the patient and partly to avoid 
a spontaneous opening perhaps into the abdominal cavity. In such 
cases we must not at once plunge in a scalpel, but should feel our 
way with the knife, dividing layer after layer until we reach the 
fluctuating covering of the abscess; then a probe should be cautiously 
introduced, and the opening dilated by separating the blades of the 
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forceps introdaced into the abscess^ so as to avoid all bleeding from 
the deeper parts. Sometimes, from decomposition of the pas, so 
much gas forms in an abscess as to yield a tympanitic sound on 
percussion; such putrid abscesses should be early opened, and 
afterwards syringed out and dressed with chlorine-water, solutions 
of acetate of alumina and of carbolic acid. 



4. Acute Inflamtnation of the Muscles. 

Protopathic acute inflammation of the muscular substance is 
relatively rare. It occurs in the muscles of the tongue, in the psoas, 
pectoral and gluteal muscles, and in those of the thigh and calf; it 
generally ends in the formation of abscess, although it has also been 
observed to terminate in resolution. Metastatic muscular abscesses 
are very frequent in glanders. With regard to the histological 
conditions, the interstitial connective tissue of the muscles, the 
perimysium, is here, as in the traumatic myositis, the principal seat 
of the purulent infiltration. When the processes are very acute, the 
nuclei of the muscular fibres are destroyed together with the 
contractile substance and the sarcolemma; only on the stumps 
of the muscular filaments in the capsule of the abscess do we 
find the nuclei of the sarcolemma (muscular corpuscles) in con- 
siderable accumulations, and passing into the granulation tissue of 
the wall of the abscess ; from these young muscular nuclei there 
proceeds, according to O. Weber, a considerable new formation of 
muscular fibre-cells (see fig. 24). The symptoms of muscular 
abscesses are not different from those of any other deep-seated abscess ; 
their development and period of opening vary very much according 
to their size and extent. In many cases, when an abscess develops 
in the substance of a muscle, this latter contracts ; this, for example, 
occurs in psoitis ; whether this is the physiological result of the 
inflammatory irritation, or half voluntary and produced instinctively 
by the patients, I must leave for the present an open question, 
though I am rather inclined to the latter view, for in slightly 
painful, small abscesses of muscles, and also in traumatic inflammation 
of the same parts, there is usually no contraction, but this occurs 
only in larger abscesses which are exposed to the pressure of strong 
fascise. The abnormal positions of the limbs after the healing-up 
of muscular abscesses are due to the formation of cicatrices, and 

BB 
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their rigidity. Muscular abscesses should be opened as soon as the 
diagnosis is certain and distinct fluctuation can be felt. 

A very peculiar form of disease of the muscles, which, in my 
opinion, is to be classed among the subacute inflammations, has 
been recently discovered and described by 2ienker ; it occurs princi- 
pally during typhoid fever in the adductor muscles of the thigh ; in 
this disease the contractile substance within the sheath of the 
sarcolemma crumbles up into separate fragments ; these disappear 
gradually by absorption, while the old muscular cells are replaced by 
the formation of new ones. In this way, in the majority of cases 
recovery takes place; in other cases the diseased muscles remain 
permanently atrophied. We have no special observation as to 
whether this disease may lead to suppuration, although muscular 
abscesses, for instance in the abdominal walls, have been observed 
after typhoid fever. 



5. Acute Inflammation of the Sheaths of Tendons and Subcutaneous 

Mucous Bursa {Serous Membranes) . 

The sheaths of tendons form, as is well known, closed serous 
sacs, which are placed round some of the tendons of the hand and 
foot. Tliey may become acutely inflamed by contusion, rarely also 
spontaneously. Like all acutely inflamed serous membranes, these 
sacs exude first a quantity of serum rich in fibrine; the newly 
formed fibrinous pseudo-membranes, composed in great part of 
wandering cells, may again dissolve, but may also induce temporary 
or permanent adhesions of the sheaths to the tendons; lastly, 
suppuration of the membranes not unfrequently occurs, and the 
tendon may thus become necrosed. Pain on movement and slight 
swelling are the first signs of such inflammation ; occasionally there 
is also a friction sound, a creaking in the sheath of the tendon, which 
may be perceived by applying the hand, but still more distinctly 
by the ear. This sound is caused by the surfaces of the sheath 
and the tendons having become rough from fibrinous deposit and 
rubbing against each other whenever these tendons are moved; 
this subacute inflammation of the sheaths of the tendons is most 
common about the wrist-joint, and almost always terminates in 
resolution (tendovaginitis crepitans). Very acute inflammations of 
the sheaths of the tendons, arising from unknown causes and termi- 
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Dating in suppuration^ are of rare occurrence ; they commence like an 
acute phlegmon, the subcutaneous cellular tissue rapidly participates 
in the inflammatory process, the limb is much swollen, and the 
neighbouring joints of the fingers, or the wrist-joint, may become 
involved in the inflammation. Like the synovial membrane of the 
joints, that of the tendinous sheaths appears, when acutely inflamed, 
sometimes to yield products that infect the parts around in a 
peculiarly intense way. If, under suitable treatment, suppuration 
does not take place, or, at least, does not appear externally, the 
absorption of the products of inflammation, the termination in 
resolution, is a very tedious process ; the limb remains stiff for a 
long time, the adhesions formed between the tendons and their 
sheaths do not break down till after some months of use. If 
extensive suppuration of the tendinous sheaths occurs, which, in the 
fingers, has been termed ''panaritium tendinosum,'' the affected 
tendons generally become necrosed, and may after some time be 
drawn out of the openings of the abscess as white threads and 
fragments ; the membrane of the tendinous sheath then degenerates 
and forms spongy granulations. If the process be now arrested, one 
or more fingers are stiff and immovable, and remain so for life. 
If the joints be also attacked, there may in the fingers be recovery 
with anchylosis ; but if the wrist- or the ankle-joint be involved, life 
may be placed in jeopardy by the continuous increase in the depth 
and extent of the suppuration, the retention of the pus, and its 
decomposition. It may sometimes happen that amputation of the 
affected limb affords the only chance of saving life. In acute 
suppurative inflammation of the tendinous sheaths, the fever at the 
outset is sometimes inconsiderable, but in severe cases the disease 
may commence with shivering. The greater the extent of inflam- 
mation and suppuration, the less tendency shown by the process to 
the formation of a circumscribed abscess, the more persistent is the 
fever and the more decidedly remittent does its character become; 
by this the patients are rapidly prostrated, the strongest men fall 
away to skeletons in a few weeks. The prognosis is very bad when 
the fever continues with intermittent attacks and shiverings. 

The treatment of subacute crepitating inflammation of the ten- 
dinous sheaths on the back of the hand consists in keeping the 
hand at rest upon a splint, and painting over the diseased spot 
with tincture of iodine; if this does not afford speedy relief, a 
blister may then be applied. Under this treatment I have always 
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seen this form of inflammation of the tendinous sheaths disappear 
in a few days. If the symptoms are severe from the commence- 
ment^ it is especially necessary that the hand should be kept at 
rest ; to this must be added the application of mercurial ointment 
and several bladders of ice. This treatment should be continuously 
pursued for one or two weeks; subsequently, we employ moist^ 
warm applications, and tepid hand-baths. If abscess form, inci- 
sions should be made and numerous counter-openings established. 
In these cases drainage-tubes are very suitable, because the granu- 
lations projecting from the openings very frequently impede the 
escape of the pus. Elevating the part considerably and even 
vertical suspension are, according to my experience, of no benefit 
in these deep-seated phlegmonous processes. If the suppuration 
will not stop, if the spongy swelling of the limb remains, if crepita- 
tion appears in the joints between the bones of the wrist (a sign 
that the cartilaginous coverings of these bones have suppurated), 
and if the patient sinks lower and lower, there is little hope of a 
favorable termination with anchylosis of the wrist, and the danger 
to life is so great that amputation must be performed. If this is 
done at the right time the patient may escape with his life, and 
will soon recover his strength. 

The acute inflammations of the subcutaneous mucous bursas are 
less dangerous ; the bursa in front of the patella and that at the 
back of the elbow-joint are most frequently affected, either from 
injury or spontaneously ; they are connected neither with the joint 
nor with the sheaths of the tendons ; they become painful and filled 
with serum containing fibrine, the skin reddens, and the cellular 
tissue around the bursa participates in the inflammation ; suppu- 
ration, however, never occurs if the patient is treated early. The 
treatment consists in applying mercurial ointment or tincture of 
iodine, placing the limb in a fixed position, and compressing the 
swollen bursa by applying a moderately tight, moist bandage. 
Puncture is generally unnecessary. In rare, unfavorable cases, this 
process gives rise to phlegmon of the whole lower extremity, which 
may even prove fatal. 



LECTURE XXII. 

CHAPTEE XL 

ACUTE INFLAMMATIONS OF THE BONES, PERIOSTEUM, AND 

JOINTS. 

Anatomy. — Acute periostitis and osteo-myelitis of the long bones : 
symptoms, terminations in resolution, suppuration, necrosis; 
prognosis, treatment. — Acute ostitis in spongy bones ; multiple 
acute osteo-myelitis. — Acute inflammations of the joints, — 
Hydrops acutus : symptoms, treatment. — Acute suppurative 
inflammations of joints : symptoms, course, treatment, anatomy. 
— Acute articular rheumatism, — Arthritis, — Metastatic in- 
flammations of the joints {gonorrhoeal, pyamic, puerperal). — 
Appendix to Chapters I to XL — Retrospect. — General remarks 
on acute inflammation. 

The periosteum and the bones are in such intimate physiological 
.relationship to each other that disease of the one tissue almost 
always involves disease of the other ; and although in spite of this 
we are, for practical reasons, compelled to consider separately, at 
least to some extent, the chronic inflammations of the periosteum 
and the bones, yet we shall often be obliged to refer to their con- 
nection. I must here premise a few anatomical remarks, as they 
are of importance for the comprehension of the following processes. 
When speaking briefly of the periosteum, we usually mean by it 
dimply the membrane which, poorly supplied with vessels, white, 
thin, and glistening like a tendon, is the immediate covering of the 
bones; but I must remark that this represents only a portion of the 
periosteum, which is relatively of little account in a pathological 
point of view. Upon this just-described inner layer of the complete 
periosteum, at points where no tendons or ligaments are inserted^ 
.there is a layer of loose cellular tissue, which is likewise to be 



390 ACUTE INFLAMMATIONS OP THE BONES, ETC. 

considered as periosteum^ and which contains principally the rami- 
fications of the vessels that enter the bone. This external layer of 
the periosteum is the most frequent seat of primary inflammations, 
both acute and chronic ; the cellular tissue of which it consists is 
very loose and very well supplied with vessels, and hence more 
adapted for the development and spread of inflammatory processes 
than the dense, tendinous portion of the periosteum, poorly sup- 
plied with vessels, which is in immediate contact with the bone. 
As regards the nutrient vessels, especially of the long bones, the . 
epiphyses have their own proper supply of them, which, as long as 
the cartilage of the epiphyses remains, do not communicate in the 
bones themselves with the branches of the nutrient artery of the 
diaphysis. This distribution of the vessels explains why inflam- 
mations of the diaphysis in young people rarely extend to the 
epiphysis, and vice versa. Considered as to its origin, the capsule 
of the joint is a continuation of the periosteum, and a certain con- 
nection is frequently to be noticed between the diseases of the 
joints and those of the periosteum, inasmuch as the diseases of the 
one tissue readily extend to the other. We shall have many an 
occasion in the course of the following observations to return to 
these anatomical relations. 

In the first place let us speak of acute periostitis and osteo- 
myelitis (&om ocrrlov, a bone, and fxveXog, marrow), of which you 
have already heard something in the account given of suppuration 
of bone in the chapter on open fractures (see page 285). This 
disease is, on the whole, not very frequent ; it occurs particularly in 
young individuals, and, in its most marked form, almost exclusively 
in the long bones. The thigh-bone is most frequently attacked, next 
the tibia, more rarely the bones of the arm and forearm. I have 
known the disease to occur as a primary affection after severe cold, 
or as a secondary one in the neighbourhood of acutely inflamed 
joints, and also after severe contusions and concussions of bones. 
It is possible that acute osteo-myelitis, like acute rheumatism and 
many phlegmons, may occasionally result from unknown general 
infection. Boser and Liicke are of this opinion. 

In many cases we are unable to discover whether the periosteum, 
or the medulla alone is involved ; such a distinction is usually only 
rendered certain by the subsequent course and termination of the 
disease. The symptoms which present themselves are as follows. 
The disease begins with violent fever, not unfrequenfly with 
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ivering; severe pains are felt in the affected limb, which becomes 
Bwolleii, without redness of the skin at the commencement. On 
account of the violent pain, the patient is unable to move the 
affected limb; every touch, every slight jar causes excessive pain; 
the skin is tense, usuall; (edematous, and sometimes the much 
distended subcutaneous veins gleam through, a sign that the reflux 
of the venous blood in the deep parts goes on with difBcuIty. The 
inflammation affects either the whole of the bone, or only a portion 
thereof. The existence, however, of an intense, deep-seated acute 
infiammation is all that we are able at ouce to diagnosticate from 
symptoms such as these. But inasmuch as idiopathic inflammation 
of the cellular tissue around the muscles and tendons is very rare, 
and is not accompanied with such severe pain, we shall not make a 
mistake in the majority of cases if, when meeting with symptoms as 
above described, we conclude that there is acute periotititis, possibly 
combined with osteo-myehtis. If with an equal amount of p^un, 
and equally violent febrile symptoms, or complete inability to use 
the limb in consecjuence of the pain, the swelling fails to appear 
until several days have elapsed, we should be justified in concluding 
that the primary seat of the infiammation was in the medullary 
cavity of the bone, and that the periosteum at the outset was but 
slightly involved. In this stage, the condition of the afi'ected parts may 
be conceived to be as follows. The vessels of the medulla and of the 
periosteum are greatly dilated and distended with blood ; there may 
possibly be stasis of the blood at different paints. The usual bright 
yellowish colour of the medulla is changed into a dark bluish-red, 
and the tissue is traversed by extravasations; the periosteum is 
greatly infiltrated with serous lluid, and, at the same tioie, on micro- 
BCopical investigation it is found to contain a large number of young 
cells, as is also the medulla; there is, therefore, plastic infiltration. 
In this stage a complete return to the norma! state is possible, and 
this is not so rare, especially in cases running a more subacute 
course, particularly if treatment is adopted early. The fever sub- 
sides, the swelling diminishes, the pains cease; a fortnight after the 
commencement of the disease the patient may have recovered, 
f the process is still somewhat further advanced, it may be 
[arrested ; in that case, a portion of the inflammatory new formation 
the surface of the bone becomes ossified, and thus, for a time 
at least, there is a thickening of the affected bone, wliich subse- 
quently disappears in the course of a few months. 
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In the majority of cases the course of the periostitis is not so 
favorable^ but the disease advances^ and terminates in suppuration. 
The external symptoms are then as follows. The integument of the 
much swollen, tense and painful limb assumes first a reddish, and 
then almost a brown-red colour ; the oedema becomes more and more 
extensive, the joints in the vicinity become painful and swollen, the 
fever continues at the same height, and not unfrequently the attacks 
of shivering repeatedly recur. The patient is much exhausted, for 
he eats scarcely anything and is kept awake at m'ght by the pain. 
Profuse diarrhoea not unfrequently sets in, the fever remains at the 
same point, the mind wanders, and the patient occasionally looks 
like one suffering from typhoid. Towards the twelfth or fourteenth 
day of the disease, seldom much earlier, but often later, we may feel 
distinct fluctuation, and can then greatly relieve the condition of 
the patient by making one or more openings for the escape of the 
pus, supposing that the skin over the abscess is already sufficiently 
thin j for the opening of deeper, stiff- walled abscesses which do not 
collapse is an operation which may prove dangerous eventually from 
decomposition of blood and pus in the not as yet sufficiently incap- 
sulated abscess. The spontaneous perforation, particularly the 
suppuration of the fasciae, sometimes takes a very long time, and, 
generally speaking, the openings thus formed are too small; 
operative assistance is therefore generally indicated. If you intro- 
duce the finger through one of the artificially made openings into 
the cavity of the abscess, you come directly upon the bone, and, in 
very many cases, find it denuded of periosteum. The extent to 
which this denudation goes on depends upon the extent of the 
periostitis. It may affect the entire length of the diaphysis, and in 
these worst cases the symptoms are most severe. Perhaps, how- 
ever, only a half, or a third of the periosteum is affected ; moreover, 
the whole circumference of the bone is not necessarily attacked, 
but perhaps only the anterior, lateral, or posterior portion; the 
periostitis not unfrequently terminates at the point of insertion or 
origin of large muscles. In such cases of slighter extent all the 
symptoms will be much milder. 

Even now there are two courses which the disease may take : 
possibly, after the evacuation of the pus, the soft parts may rapidly 
again become applied and adherent to the bone, like the walls of an 
acute abscess. I have seen this several times in periostitis of the 
femur, in two or three children of three years old. A small quantity 
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of pus escaped after the openings but only for a short time ; the 
opening soon quite closed, the swelling receded, and complete 
recovery ensaed. Sach a termination, however, according to my 
experience, takes place only in very young children. It much more 
frequently happens that the bone, deprived in great measure of its 
nutrient vessels in consequence of the suppuration of the periosteum, 
either partially or completely perishes, and thus the condition arises 
which we term necrosis (from vcicpoc, dead) or mortification of bone. 
The extent of this necrosis will essentially depend upon the extent 
of the inflammation ; the wholly or partially destroyed diaphysis of 
the long bone must be detached from the organism as a foreign 
body, just as we have seen to occur in mortification of the soft parts 
and in traumatic necrosis. For this, however, a long time is required ; 
the process of the necrosis, the separation of the portion of dead 
bone, the sequestrum, and everything connected with it, is there- 
fore always a chronic one; we shall have more to say on this 
subject hereafter. Before the inflammation passes into this chronic 
stage, the acute local symptoms continue for a long time after the 
first opening of the abscess. Complications of various kinds may 
supervene ; as long as these patients are not free from fever they 
are always in danger. 

We must now return to the medulla of the bone, which we left in 
the flrst stage of inflammation. Here also the inflammation may 
terminate in suppuration ; if the osteo-myelitis be diffuse or total, 
the entire medulla may suppurate. This suppuration may even 
assume a putrid character, and septicaemia may thence become 
developed. If there be extensive suppurative osteo-myelitis with 
suppurative periostitis, death of the diaphysis of the bone is certain 
to occur. Should there be only a partial suppuration of the medulla, or 
should this not occur at all, the circulation of blood in the bone may 
be in great measure preserved and the bone may retain its vitality. 
It may often occur that, under such circumstances, the bone for some 
time struggles in a manner between life and death, as the feeble 
circulation nourishes, though in a very imperfect degree, the tissue 
of the bone until the collateral circulation is sufBciently developed. 
An acute suppurative osteo-myelitis can scarcely occur without 
involving the periosteum; with the osteo-myelitis it not unfre- 
quently happens that osteo-phlebitis (^Ali^, a vein) is combined ; 
this may go on with putrefaction or suppurative dissolution of the 
thrombus, and, according to experience, is particularly prone to 
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induce metastatic abscesses. Another^ not nnfrequent, though by no 
means constant accompaniment of osteo-myelitis, is suppuration of 
the cartilage of the epiphyses in individuals in whom they still exist, 
that is^ till about the twenty-fourth year. The process is not 
difficult to explain ; the inflammation may extend to the cartilage of 
the epiphyses^ partly from the medulla^ partly from the periosteum; 
if the cartilage becomes softened, the continuity of the bone is 
thereby destroyed, and there is a certain amount of mobility as in a 
fracture at the seat of the epiphysis ; dislocations may also be caused 
by contractions of the muscles. Usually, there is only one such 
separation of an epiphysis of the affected bone, either the upper or 
lower one ; in more rare cases, the separation is double. I have seen 
one case of double separation of the epiphyses in the tibia, several 
cases of separation at the lower end of the femur, one of the upper 
end of this bone, one of the upper and two of the lower end of the 
humerus. In one case, I saw a softening of the epiphysis with dis- 
placement, resembling luxation, of the upper end of the femur with- 
out suppuration. We have already remarked that inflammations of 
the neighbouring joints are prone to accompany periostitis. Such 
inflammations run, as a general rule, rather a subacute course. The 
serous fluid, which accumulates in the joint in moderate quantity, 
is usually absorbed as the acute disease in the bone subsides ; but 
the joint very often remains swollen, and not unfrequently there is 
permanent stiffness. Several times also I have seen acute periostitis 
and osteo-myelitis of the femur supervene upon acute articular rheu- 
matism of the knee. We must finally remark that osteo*myelitiB 
may occur in several bones simultaneously. 

We ought to mention, though a rare symptom, the development 
of gases in the diseased joints, in many cases even before the abscess 
is opened. This is also a very bad symptom, and indicates putres- 
cence of the inflammatory products. The pus in and around bones 
affected with osteo-myelitis, as well as in the nearest joints, often 
contains micro-organisms, even if it is not decomposed; firom this 
it may be concluded that these organisms do not by any means 
necessarily lead, by their development, to the decomposition of the 
pus. 

The diagnosis in any given case, as to how far periosteum and 
bone are involved in the inflammation, cannot be made with any 
degree of certainty ; it can only be decided by the extent of the sub- 
sequent necrosis, and even this is no accurate test, for the perios- 
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' terminate in snppnration, while the osteitis may end in 
Solution, or only lead to a little interstitial new growth in the bone. 
The intiamuiattou may begin ( i ) in tiie loose cellular tissue of the 
periosteum ; this suppurates. If the suppuration confine itself to 
this layer, we may pass the finger, after the abscess has been opened, 
directly down to the bone, but we shall find it covered with the 
granulating tendinous part of the periosteum ; if the suppuration, 
however, extend to this last-named layer of the periosteum, as it 
not unfreqnently does, the bone lies exposed, and t!ie suppuration 
may then spread to it. In this manner osteo-myebtis nccompatues 
periostitis. If any one is disposed to regard this loose cellular tissue 
other than as periosteum, and rather to look upon it as a part of 
the iutermuscnlar connective tissue (a view which is not justiHable, 
because in this layer especially the vessels coming from the bone are 
chiefly found), then there is no such thing as acute periostitis, because 
the tendinous portion of the periosteum takes on primary inflam- 
mation Just as rarely as the fasciBc and the tendons. (2) The intlamma- 
tion may begin in the bone and thence spread into the periosteum 
and cellular tissue ; osteo- myelitis being the primary, jieriostilis 
the secondary disease; pus is found not only in the bone but also 
on it^ surface, immediately below the tendinous layer of the perios- 
teum. This latter is raised up by the pus so far as its elasticicy will 
allow ; it then perforates, and the pus gets into the connecrive tissue, 
where fresh suppuration is set up, and so it comes to the surface. 
In CDiiseijuence of the high arterial pressure in the medullary canal 
Uoser asserts that fluid medullary fat is forced out of the medullary 
cavitiea through the Haversian canals of the cortical substance, and 
that oateo-myelitis may he diagnosed if the pus from beneath the 
periosteum be found mixed with globules of fat. Eoser also found 
in some cabes a, remarkable lengthening of the bone and a relaia- 
tioQ of the joints nearest to the osteo- my eh tis. He attributes this 
to a too rapid growth of the ligaments and of the epiphysial carti- 
lages during the intlammation. 

As regards the prognosis in acute periostitis and osteo- myelitis, 
we must distinguish between the danger to life and the damage to 
limb. If the disease lead to partial or total necrosis of the bone it 
may last for months, or even years. An acute periostitis and osten- 
inyeJitis, especially if they ail'eet the thigh and occur on the two 
sides, are always dangerous to life, on account of the pussihility of 
pynmia, and in children, on account of the profuse suppuration which 
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they give rise to, they are more dangerous proportionately to the 
length of time which the acute stage lasts^ the extent to which 
they extend^ and the size of the bone which is a£fected. 

The results of treatment of this disease are the most satisfactory 
when the surgeon is called in very early ; one of the most efficient 
remedies is painting the whole limb with a strong tincture of iodine. 
This is to be repeated until extensive vesication develops itself. 
The patient naturally must remain in bed ; he scarcely need be told 
to do this in the generality of cases, for the pain will induce him to 
keep quiet. Since I have adopted this iodine treatment I have been 
480 well satisfied with the results that I have almost entirely given up 
the use of other antiphlogistics, such as cupping, leeches, and mer- 
curial inunctions. Determination to the intestinal canal by means 
of saline purgatives should aid the cure in this and all other acute 
inflammatory diseases ; at least we are so advised by the older sur- 
geons, and judging from the diarrhoea, which frequently comes on 
spontaneously, it would seem as though nature thereby indicated a 
way by which the poison may be eliminated. 

The local application of ice at the very commencement of the 
disease is][strongIy recommended by some surgeons. If suppuration 
occur in spite of these means, and fluctuation be distinctly felt, then 
make several openings at spots where the skin is thinnest, and in 
such a manner that the pus can get out without the necessity of 
having to be squeezed out; then put in drainage-tubes, in order to 
favour a free discharge; the swelling now usually subsides very 
quickly ; it is most favorable when the fever ceases early and the 
disease becomes chronic. If the fever persist, the suppuration 
continue profuse and the pain remain, then it is well to combat 
these conditions by frequently irrigating the abscesses with anti- 
septic solutions, and to endeavour to reduce the inflammatory pro- 
cesses by the application of ice-bags. I have also gained great 
advantage from the application of fenestrated plaster-of-Paris 
bandages, in some cases complicated with detachments of the epi- 
physes, in order to fix the joint during the daily application of the 
Messing. Some kind of fixation of the joint in such cases is abso- 
lutely necessary. Many surgeons differ from this plan, which is 
nevertheless founded on a series of favorable cases. Many advise, 
from the very commencement, large and deep incisions down to the 
bone, or at least free incisions as soon as suppuration commences, 
^uch extensive wounds in patients with fever are bad; I am satis- 
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fied that under these circumstances such heroic treatment aggra- 
vates the condition and increases the predisposition to pjsemia. 
Still more erroneous is the view that in acute osteo-myelitis exarti- 
culation must be at once undertaken^ or that otherwise pyaemia i& 
unavoidable. This is certainly quite inexact, and amputation is not 
indicated under these circumstances, firstly, because the diagnosis of 
osteo-myelitis at the onset is not by any means certain ; the disease 
might be a simple acute periostitis. Secondly, because the prognosis^ 
in exarticulation of large joints, when they are performed on account 
of acute disease of the bones, is always very doubtful. For instance,. 
I should only decide to amputate in the thigh for acute periostitis 
with osteo-myelitis of the tibia, if the suppuration were very ex- 
cessive, and had spread to the knee-joint. Should this disease 
affect the femur, and run an unfavorable course, I should scarcely 
expect to find the means of saving my patient in performing an 
operation so dangerous to life as is exarticulation at the hip-joint. 
By careful nursing we may accomplish much for these patients, as 
they are generally so young. A little girl with osteo-myeUtis and 
periostitis of the tibia had sixteen rigors in twelve days, and recovered 
nevertheless, although a portion of the tibia necrosed and the ankle- 
joint became anchylosed. 

I will now add a few remarks about suppurative periostitis of the 
third phalanx of the fingers, which is perhaps about the most 
frequent of all forms of periostitis. As inflammation in a hand 
and fingers is generally called panaritium, so this disease in the 
ultimate phalanx is called panaritium periostale. 

The disease is very painful, like all periostitis in fact, for the pus 
is a long time, often eight or ten days, before it gets to the surface. 
The termination in either partial or complete necrosis of this little 
bone is common, and cannot be prevented even by an early incision, 
although we frequently find ourselves obliged to make one, in order 
partly by the loss of blood locally, and partly by incising the 
periosteum, to relieve the aching, throbbing, burnmg pain which 
accompanies the disease. As suppuration is almost invariably the 
termination, and can scarcely ever be avoided, we must endeavour to 
favour it by the application of cataplasms, hand-baths, and similar 
remedies, in order as much as possible to shorten its progress. 

As yet we have only spoken of acute inflammation of the 
periosteum and medulla of the long bones, and have not considered 
therefore the inflammation of the spongy bones. Neither have we 
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considered the question of the inflammation of the bone substance 
itself. Is there such a thing as acute inflammation of the bone 
substance P If we set out with the view that dilatation of the 
vessels, cell and serous infiltration of the tissues in their varying 
quantitative combinations, constitute the essence of the inflammatory 
processes, we shall be compelled to deny that acute inflammation 
can take place in compact ossified bone, as these conditions are all 
impossible in the cortical substance of a long bone. The capillary 
vessels in the Haversian spaces are in many places so narrowly 
embedded that they cannot dilate very much ; a moderate amount 
of serous infiltration of the bone substance is quite intelligible, 
though it is difficult to believe that firm bone substance possesses 
much power of swelling out. If the term inflammation be so 
generalised as to include any quantitative or qualitative disturbance 
of nutrition, we must then certainly allow that such disturbance 
may take place in bone, just as well as in the softer tissues. Every 
tissue which is attacked by inflammation changes its physical and 
chemical properties, and in the soft tissues this occurs very rapidly 
in acute inflammation. The connective tissue especially is quickly 
transformed into a gelatinous, albuminoid substance ; the tissue of 
the cornea also and of cartilage may likewise change their characters 
in a relatively short time. Eor chemical reasons, this is not possible 
with bone substance ; it requires time for the lime salts of the bone 
to be dissolved, and for the remaining animal matter to soften down 
like other tissues. Thus, the inflammation of the compact bone 
substance, however acute the process may be, cannot run a rapid 
course, it always requires a considerable time. What has been said, 
however, only refers to the compact substance ; in a spongy bone, 
considered as an entire organ, acute inflammation is very possible, 
that is, an inflammation of the medulla contained in the spongy 
bones. The medulla here possesses the same qualities as in the long 
bones, except that it is not so heaped together, but is scattered 
about in the meshes of the bone; each mesh contains a large 
number of capillaries, also connective tissue, fat-cells, and nerves ; 
acute inflammation of the spongy bones first occurs in these spaces, 
and thence gradually spreads to the bone tissue proper. AVhat we 
usually speak of as acute ostitis of a spongy bone is at first only 
acute osteo-myelitis ; inflammation of this kind occurring spon- 
taneously is only very rarely acute ; it is sometimes sub-acute, but 
generally chronic. On the contrary, there is an acute traumatic 
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osieo-myelitis of a spongy bone^ about which we will make a few 
remarks^ although we have already alluded to the most important 
points in the section on the suppuration of bones. Just imagine an 
amputation wound close below the knee ; the tibia has been sawn 
through its upper spongy part. Traumatic inflammation sets in in 
the medulla^ in the meshes of the bone substance, with proliferation 
of vessels, infiltration of cells, &c., and this will lead to the formation 
of granulations which grow out of the medulla, and soon form a 
continuous granulating surface ; the cicatrization takes place in the 
usual manner. But somewhat later on, if you have the opportunity 
of examining such a stump, you will find at the sawed surface that 
the meshes of the bone are filled up with bone substance, and that 
the most external layer of spongy substance has been converted into 
compact tissue ; the cicatrix in the bone has, in fact, ossified. This 
is the normal termination not only of traumatic but also of spon- 
taneous ostitis : the cicatrix ossifies. 

Suppuration and decomposition of the medulla of spongy bones 
may also occur; osteo-phlebitis too, with its consequences, may set 
in. In the chapter on the suppuration of bone and the healing of 
compound fractures we have fully discussed the changes which 
occur after a bone has been denuded of its periosteum, the de- 
velopment of granulations on the surface of the bone, and the 
sup^cial necrosis, which follows ; I would again refer you to this 
chapter. 

I will just mention further that there are cases of acute multiple 
inflammation of bone, similar to the acute multiple inflammation of 
joints (acute polyarticular rheumatism] ; thus, inflammation of both 
bones of the lower extremities may occur together, or one may 
follow the other ; for instance, osteo-myelitis of the tibia, suppurative 
inflammation of the knee-joint, osteo-myelitis of the femur, suppu- 
rative inflammation of the hip-joint; in one case there was also 
osteo-myelitis of the other femur and suppurative osteitis of the other 
side. Even these cases may possibly run a favorable course, 
though it is extremely rare — they are generally fatal. 

The statement which I have made, that I am unable to imagine 
an acute inflammation of bony tissue, has led to much misconception. 
But certainly no changes in fully formed (adult) bone tissue are 
appreciable even in acute inflammation of bones, though changes in 
t\)e medulla and its vessels and in the periosteum and its vessels 
can be recognised. I do not at all underrate the chemical changes 
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(disturbance of nutrition) which take place during inflammation; 
yet we are not well acquainted with them^ we only recognise them 
through the changes which take place in the tissues we see. We 
see that inflamed tissue swells up^ we see that it becomes soddened^ 
we see that it is infiltrated with wandering cells, we see that it 
softens, and finally that it breaks down into pus, we see that all this 
often takes place in a few days. In bone-tissue we see nothing of 
such changes^ in acute inflammation we see no swelling out, we do 
not see its alveoli (with the exception of the Haversian canals) or 
canals filled up with wandering cells, and we know also that it 
does not undergo suppurative softening. We are only acquainted 
with one termination of acute ostitis — death, necrosis ; besides this 
the acute may assume a chronic form. Thus we can only say it is 
probable that disturbances in the nutrition of bone tissue take place 
during acute inflammation of bone tissue, exactly as in acute 
inflammation of the other connective tissues, but that there is no 
appropriate morphological word to express it, and that owing to 
the peculiar nature of bone tissue there cannot be a word to 
express it. 

We now come to acute inflammation of joints. As we have 
previously spoken of traumatic inflammation of joints, you already will 
be acquainted with many of the peculiarities of diseased joints. We 
already know that serous membranes when irritated are very prone 
to pour out fluid exudations, and in addition to this that the serous 
exudation may] contain pus if the inflammatory irritation is very 
intense. Just as there is pleurisy with sero-fibrinous exudation 
(the ordinary form) and pleurisy with purulent exudation (so-called 
empyema), so also do we speak of serous effusion or hydrops and 
of purulent synovitis (empyema) ; either of these forms may be 
acute or chionic, and lead to various diseases of the cartilage, of the 
bone, of the ligaments of the joint, of the periosteum, or of the 
surrounding muscles. You will see that the more intricate a dis- 
eased part is, the more complicated will be the diseased process. In 
recent times great importance has been attached (especially by 
French surgeons) to the subdivision of diseases, according to their 
anatomical conditions, into disease of synovial membrane, disease of 
the articular cartilages, then of the ligaments, and last of the bones. 
However correct this division would be if it were only a question 
of pathologico-anatomical changes, it is an altogether useless way of 
treating the subject for practical purposes. 
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The surgeon always looks upon disease of a joint as a whole^ and 
although he must know whether this or that structure is the 
more affected^ yet this is only one part of what he will be expected 
to know and to do ; the course of the disease^ the order of sym- 
ptoms^ the general condition of the patient^ will each in its turn 
demand his attention, and modify his therapeutic treatment. 
Hence the entire clinical picture can alone determine the classifi- 
<;ation of this, as of many other diseases. 

At present we are speaking only of those acute inflammations 
which appear to come on spontaneously. In many cases they 
evidently arise from a severe cold ; in other cases their cause is 
not known. Some of the more subacute cases are metastatic in 
their nature, and come on in connection with other pysemic 
symptoms. At present, however, we are not engaged with this 
•dass, but rather with those cases of inflammation which appear to 
have resulted idiopathically, and which, in contradistinction to the 
traumatic cases, one hears spoken of also as rheumatic, owing to 
iheir supposed origin in cold. The patients, who call you in for 
these acute inflammations of the joints will present various aym- 
iptoms. If, for the sake of illustration, we confine ourselves to the 
knee-joint, the following will be about the condition : — A strong, 
apparently otherwise healthy man takes to his bed because Ins 
knee-joint has been stiff for the past day or two ; it is swollen 
and painful. On examination you find that there is distinct 
'fluctuation within the joint, that the patella is somewhat raised, 
and that it springs up again after it has been pressed down ; the 
skin over the knee is not reddened ; the patient lies in bed with 
his leg extended, and is free, or almost free, from fever, and when 
asked can, though with a little difficulty, bend and straighten the 
limb ; the whole examination is not painful. You have here an 
acute serous synovitis — hydrops genu acutus. The anatomical 
condition of the knee is as follows: — The synovial membrane is 
slightly swollen and moderately vascular, the cavity of the joint is 
filled with serum, which has mingled with the synovia ; in the fluid 
also there are a few fibrinous flocculi ; all the other parts of the 
joint are healthy. Anatomically, the condition is just the same as 
in acute bursitis tendinum, or in a moderate pleurisy. This disease 
of the joints is generally easy to cure : rest, repeated painting with 
iodine, or a few blisters, or even compression with a wet bandage, 
vwiU suffice to core the condition in a few days, or^ at least, to 
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moderate its acuteness; for it may happen that all the acute 
symptoms pass away, and that the patient may get about again 
without any difficulty, even while a considerable quantity of fluid 
remains in this joint, a hydrops chronicus being left behind ; of this 
we shall speak presently. 

You may be called to another patient with inflammation of the 
knee-joint. A few days previously the young man caught a 
violent cold, and shortly afterwards experienced severe pain in 
his knee, became feverish, perhaps had a severe rigor, the joint 
becomes more and more painful. The patient lies in bed with his 
leg flexed, and with the thigh strongly rotated outwards and 
abducted; he resists every attempt to alter the position of the 
limb, because it causes such severe pain. The knee-joint is greatly 
swollen, it feels hot when touched, but there is no definite sense of 
fluctuation ; the skin is slightly (edematous, and over the knee it 
is gently reddened ; the leg also is swollen and cedematous, and 
it is impossible without intense pain to further flex the joint. 
What a different picture from the last ! If you chance to examine 
the interior of the joint during this stage, you will find that the 
synovial membrane is greatly swollen; it is intensely injected and 
puffy, and if you examine with the microscope you will find it 
infiltrated with plastic and serous material. In the joint cavity 
there is generally a little flocculent pus mixed with synovia, or there 
may be a little pure pus. The surface of the cartilage looks a little 
dulled, but scarcely shows any microscopical changes besides cloudi- 
ness of its hyaline substance; perhaps, also, the cavities of the 
matrix are a little dilated, and the contained cells somewhat less 
distinct than in the normal condition. The ligaments of the joints 
are also (edematous. Here you have to deal with a parenchy- 
matous, suppurative, very acute synovitis, in which the cartilage 
threatens to participate. If the condition last somewhat longer, 
and the quantity of pus within the joint increase, you may then 
correctly speak of it as empysema of the joint. 

The difference between the first and the second form of acute 
synovitis consists chiefiy in this fact, that in the second case the 
substance of the synovial membrane was deeply affected, while in 
the first the increase of the synovial secretion was the chief 
feature. Between these two extremes, however, there are cases 
which run a subacute course, in which the secretion becomes 
purulent and collects within the joint in la^ quantities wiUiout 



CATARRHAL INFLAMMATION OP JOINTS. 403 

leading on to any very deep destruction of the synovial membrane. 
B. Yolkmann caUs this '^ catarrhal inflammation of a joint.'' There 
is a little more pain than in cases of simple acute hydrops^ from 
which the purulent catarrhal form may also arise, though it is a 
very unusual occurrence. Concerning the course and treatment of 
acute hydrops^ I have already said all that is necessary. As regards 
the further course and the treatment of the more parenchymatous 
forms, which are disposed to suppurate, much will depend on when 
the treatment is begun and in what it consists. Generally a few 
leeches are applied to the joints, and then it is poulticed, in the old 
belief that rheumatic inflammations of joints must be treated by 
warmth. As to the leeches, I consider them entirely useless in 
this affection ; as to the value of warmth there is, perhaps, still 
room for discussion, because warmth is generally very acceptable to 
the patient, and very often affords greater relief to the pain of 
inflamed serous membranes than does the application of cold ; at 
least, the latter certainly requires a longer time to produce favor- 
able results. I explain this circumstance as follows : — The warmth 
produces a determination of blood to the cutaneous vessels, and 
thus tends more or less to empty the vessels of the synovial mem- 
brane towards the exterior; this action, however, cannot be long 
sustained, and the blood will again rush to the inflamed synovial 
membrane, perhaps even more vigorously than to the artificially 
heated skin. On the other hand, the application of a large ice-bag 
causes the contraction of the cutaneous vessels, and possibly, just at 
first, causes a stronger current of blood to flow towards the deeply- 
lying, inflamed parts within the joint ; but gradually the cold begins 
to act on these also, and its contracting influence then continues as 
long as the ice is persevered with. It seems very rational always 
to employ cold in these cases, and in actual practice the employ- 
ment of ice-bags for the treatment of acute inflammation of joints 
has proved itself exceedingly useful. In addition to the cold, you 
can obtain active counter-irritation by the application of strong 
iodine, or you may apply a large blister. Besides these means, 
and even before you commence their use, it is of the greatest 
importance to get the joint into a good position, and there to fix it; 
for if this cannot be done, we shall not be able to obtain a complete 
restitutio ad integrum ; the joint will be stiff, but it will be flexed 
also — a very undesirable addition to its immobility, for under such 
circumstances, the leg would be of little further use. It is a very 
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difficult question to decide why an acutely inflamed joint, espe- 
cially one undergoing acute suppurative inflammation^ should almost 
always involuntarily assume the flexed position ; it has been explained 
in various ways. It is beUeved by some^ in consequence pf the 
strong irritation of the sensory nerves of the synovial membrane caused 
by the inflammation of the joint, that a kind of reflex spasm in the 
motor nerves leads to contraction of the flexor muscles. Bonnet, a 
French surgeon, who has rendered great service in this department 
of surgery, believed that in great distension of a joint with pus, or 
in swelling of the synovial membrane, the joint would mechanically 
assume the flexed position, simply because its cavity was more 
capacious during flexion than during extension. He endeavoured 
to prove this experimentally ; he injected fluids into the joints of the 
dead, and brought the limbs into a condition of flexion by forcibly 
distending the joints with fluid. Against this may be said, in 
hydrops acutus, where there is usually much more fluid in the 
joint than in suppurative synovitis, that flexion does not occur, and 
further that in cases of acute inflammation of a joint, where I have 
myself verified the total absence of fluid, there has been flexion not- 
withstanding. I am strongly of opinion that the acutely swollen, 
painful condition of the synovial membrane is the chief cause of the 
flexed position ; hence I should be inclined to explain the circum- 
stance by regarding the pain as the irritation in consequence of 
which the muscles of the extremity contract; other muscles also 
contract when situated near a painful part ; for instance, the mus- 
cles of the neck in case of deeply-seated abscesses of that part. 
This mal-position must be overcome, and it must be done in such a 
way that, if permanent anchylosis of the joint take place, the limb 
shall be fixed in that position, which will allow of the greatest 
amount of utility afterwards. Thus, for the hip- and knee-joints 
you will make extension ; the ankle-joint must be placed at right 
angles, as also the elbow-joint ; the wrist- and shoulder-joints rarely 
get into bad position, for the former generally remains extended, 
while the latter places itself so as to rest on the chest-wall. 

I will here just remark, that there is a very great difference 
in the relative frequency of disease in different joints. Thus the 
knee-joint is most frequently affected, next in order come the elbow 
and the wrist; acute inflammation of the hip-, shoulder-, and ankle- 
joints, is rare. These acute inflammations occur more frequently in 
young than in old people : they rardy oocor in children. Let us 
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low return to the subject of position of joiata. You will perhaps 
remind me that to accomplish this is very painful. Chloroform is 
B great help, and indeed in the treatment of joint disease it is of 
the very greatest importance. Freely anffisthetise your patient, and 
then you will be able to move the joint without any trouble ; for 
muscles which on the slightest touch of the leg firmly contracted 
now yield without any resistance. To continue with our hypo- 
thetical case, you will extend the knee, surround it with a thick 
layer of cotton wool, and apply a plaster-of-paris bandage from the 
tip of the toes up to the middle of the thigh. When the patient 
wakes up from the chloroform, he will probably just at first com- 
plain of great pain. You must give him a little mor^)hia, and 
apply one or two lai^e ice bags over the plaster of poris to the 
knee: the cold will slowly find its way through to the joint, and 
within twenty-four hours the patient wiU feel tolerably comfortable 
in his new position. The gentle compression which is exercised by 
the well padded plaster- of- paris bandage also acts ontiphlogistically. 
If the fever continue you can give febrifuges internaUy, but other- 
wise no further treatment is required. Before applying the bandage 
you can have the limb well rubbed with mercurial ointment or 
painted with iodine. It is indeed our duty to apply this dressing 
even during the most acute state, naturally using the greatest pre- 
cautions, and carefully avoiding too tight constriction. In recent 
times, and even in very acute mischief, the modem treatment by 
extension and a weight has produced some marvellous results ; and 
indeed it is most interesting to observe how the pain in a joint may 
be lessened and the muscles straightened by a continuous and 
uniform extension. But in these cases very much depends on the 
manner of applying this principle of extension, and I cannot 
sufficiently recommend you the importance of close attention to this 
apparently simple subject ; a. subject the great importance of which 
you will only perhaps learn to appreciate, when you are independ- 
ently settled in practice, and must do everything, even to the 
smallest detail, for yourselves. 

If you are called to the patient early, you will in some cases 
succeed by the application of this treatment not only to arrest the 
disease, but also to preserve a moveable joint for your patient. But 
even if only called in during a later stage the above treatment must 
stilt be adopted. When the pain is relieved, and when the fever 
has ceased, the bandage may be removed at the end of a few weeks ; 
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for the disease^ under any circumstances, is sure to last for several 
weeks; it may even last for from three to five months, before 
the inflammatory process quite ceases: the normal condition will 
gradually return, and the former movements become re-established ; 
then you must very earnestly warn the patient about cold, and too 
violent movements, for the disease might not run such a favorable 
course if it were to occur again. 

Let us take a case for illustration in which the acute inflam- 
matory process does not subside under this treatment, but goes on 
progressing; it may either become chronic or continue acute: 
of the chronic form we will speak presently. For the present let us 
suppose that the pain has not subsided, but rather has become more 
intense, and you are therefore obliged to slip up the bandage along 
the front. You will find the knee more swollen, very definite fluc- 
tuation, and the patella floating; the patient is intensely feverish. 
If allowed to go on, the fluctuation may happen to spread 
further and further, and the subcutaneous tissue of both thigh 
and leg may become implicated in the suppurative inflammation, 
formerly the cause of this extension was generally supposed to be 
the subcutaneous bursting or partial suppuration of the synovial 
membranes connected with the joint, especially of the large synovial 
sac beneath the quadriceps extensor, and of the bursa poplitea ; in 
order to anticipate this very untoward accident, it used to be con- 
sidered proper at this stage of the disease to almost evacuate the 
joint with a trocar and canula, and then very carefully close the 
wound. As the result of my own experience, I should say that this 
mode of procedure is but very rarely indicated, for I have con- 
vinced myself by careful clinical observation, and also as'opportunity 
afforded by observation on the dead subject, that peri-articular 
abscesses in the connective tissue, which occur in acute synovitis 
and also in the inflammation of the extremities of bones forming 
joints, occur independently, and break into the joint later on, if they 
do so at all. The general condition of the patient gradually gets 
worse during the development of these abscesses : it shows itself in 
heightened fever with repeated rigors, pinching in of the features, 
emaciation, complete loss of appetite, and of sleep. Quinine and 
opium flnally lose their effect, and the patient sinks from the 
exhausting suppuration, the continuous fever, and perhaps also the 
supervention of metastatic abscesses, unless you cut short the local 
miachief by timely amputation through the thigh. If, by means of 
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ice, punctures or incisions in order to let out the pus, and qainine 
and opium, jou succeed in arresting the acuteness of the disease, 
and in making it chronic, though you will not obtain a moveable 
joint, you will nevertheless get a useful limb, even if it is auchy- 
ioseil at a right angle : this is the most satisfactory result vhich, 
after many days and weeks of anxiety and care, we can possibly 
expect for our patients, when the inflammatory changes go on to the 
degree we have described. The pathological changes which wc 
find in a knee-joint in this stage of inilummation are as follows : 
tbe joint is filled with thick, yellow pus, mixed with fibrinous 
flocculi ; the synovial membrane is covered with thick tibro-purulent 
iposits, beneath which it is reddened, swollen, and in parts 

Icerated, the cartilage is partially softened, partially necrotic, and 
«aay be peeled off in larger or smaller pieces : the bone beneath it is 
}uglily reddened, and probably infiltrated with pus (osteo -myelitis, 
in this class of cases more frequently a secondary than a primary 
disease). 

The prognosis in this disease is not very bad in young vigorous 
subjects, if appropriate treatment be early resorted to ; it is very 

lad, if not absolutely fatal, in old decrepid individuals. 

In the above description I have pictured to yon typical cases of 
two forms of synovitis, the serous and the parenchymatous 
(puroleut), and I feel satisfied that in practice you will easily 
tecognise either of the forms ; and you will have no difiiculty in 
applying what I have said of tbe knee to other joints. 

I must now add that there is yet another acute or subacute form 
of inflammation of the joints which presents many peculiarities. I 
refer to acute articular rheumatism. This very peculiar disease, 
which will be more thoroughly treated of in your lectures on 
medicine, is characterised by its generally attacking several joints 
ftt one time, and by a predisposition to cause inflammation of 
other serous membranes, pericardium, endocardium, pleura, occa- 
sionally the peritoneum, and the arachnoid. The simultaneous affec- 
tion of these membranes and of the joints characterises this disease as 
one which involves the whole body at once. Indeed, on account of the 
importance of the oigan, pericarditis and endocarditis come promi- 
nently to the foreground, and influence strongly the whole treatment, 
so that the sui^ical treatment of the joint becomes quite of secondary 
importance; this is all the more likely to occur because tbe joint 
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disease, although exceedingly painfal, seldom proves dangerous either 
to life or limb. Great pain in the joint on any attempt at movement 
or on pressure, oedema of the soft parts around, in some rare cases 
redness of the skin, are the chief symptoms of the local mischief, 
beyond which the disease rarely goes. From the iew post-mortem 
examinations which we posses, it appears that the synovia is some- 
what increased in quantity, and is occasionally mixed with pu»- 
flocculi; the synovial membrane is swollen and reddened, the 
cartilage is rarely affected, and the amount of fluid is seldom suffi- 
cient to give fluctuation. Acute rheumatism is very common, but 
it is rarely fatal, and so the pathological anatomy is not extensive. 
According to all the evidence which the disease affords, it is clear 
that it is specific disease, mi generis, the course of which, however, 
is so atypical, its causes so little understood, that its actual nature 
has not yet been determined on. It appears to be doubtful 
whether, in addition to this polyarticular rheumatism, we ought to- 
speak of non-articular rheumatism, for it is just this multiplicity of 
the inflammatory foci, and their slight tendency to suppurate, which 
characterise the disease ; at any rate, I should hesitate to describe 
an inflammation confined to one joint as a part symptom of acute 
rheumatism until either pleurisy, or pericarditis, or some other 
complication peculiar to rheumatism had shown itself. If none of 
these should come on, then we have to deal with a purely local pro- 
cess, a simple articular inflammation, which we, perhaps, call rheu- 
matic, simply because it seems to have resulted from cold. As 
regards the course of the inflammation of joints in acute rheuma- 
tism, the termination by resolution and complete recovery of the 
joint as to its functions is so usual, that we scarcely ever hear of 
any other. That the disease is tedious, and generally lasts six or 
eight weeks, is due less to the length of time during which any one 
joint is affected than to the fact that first one joint and then another 
is attacked, and also to the great frequency with which relapses may 
take place in joints, which seemed to have quite recovered. Thus 
the disease becomes very tedious both for patient and doctor, and 
consequently the greatest watchfulness and care are required to> 
avoid any influence, which might tend to bring on the disease afresh^ 
It is extremely rare for any one joint to assume active suppura- 
tion, to go on to empyema ; we oftener see that a joint, in spite 
of the termination of the disease, remains painful and stiff; in fact, 
the disease assumes a chronic form. You see that the prognosis 
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of this disease, as far as the joint goes, is relatively favorable ; the 
disease generally runs a favorable course even without the help of 
the surgeon. All that we can do for the local disease is to protect 
the affected parts from variations of temperature by enveloping them 
in wool, tow, or oakum. Mild external counter-irritation, painting 
with iodine, may be supplemented. To alleviate the pain in the 
joint, and to hasten the course of the disease, Stromeyer and 
others have recommended the application of ice, and generally cool 
rather than warm surroundings. I scarcely imagine that this treat- 
ment will find many supporters, because it is troublesome to pro- 
cure and apply the ice, and because experience shows us that this 
kind of inflammation runs so favorable a course without it. Inter- 
nally you must order diuretics, diaphoretics, or cooling salts ; where 
there is heart affection, local antiphlogistics, digitalis, &c., are indi- 
cated, as you will be taught in your lectures on special pathology 
and in the medical wards. 

Similar to acute rheumatism is an acute attack of arthritic in- 
flammation of joints. An attack of podagra or chiragra is equally 
specific, and is allied to true gout ; the inflammation here, too, is 
an acute serous synovitis, but with an extremely small amount of 
effusion into the joint. But that which is most peculiar in arthritic 
inflammation is the almost constant and simultaneous inflammation 
of the surrounding parts of a joint, of the periosteum, of the sheaths 
of the tendons, and especially of the skin ; the latter always becomes 
reddened and shiny, and tense, as in erysipelas, and it is intensely 
tender ; it occasionally desquamates after the attack ; acute arthritis 
is much more painful than the synovitis of acute rheumatism. 

We will speak of the treatment of arthritis and of the arthritic 
diathesis later on. 

We have yet to mention one other variety of acute joint inflam- 
mation, viz. the metastatic, about the causation of which we shall 
have to speak under pyaemia. Acute or subacute metastatic inflam- 
mation of joints, at first, is usually serous, but soon becomes a purely 
suppurative synovitis. Several varieties may be distinguished. 

I . Gonorrhceal inflammation of JoinU. — This occurs in men 
suffering from gonorrhoea; it may also be produced by the too> 
frequent passing of bougies into the urethra ; it almost invariably 
attacks the knee. It is taught by many authors that this synovitis- 
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is particularly liable to occur when a gonorrhoea has been suddenly 
stopped ; as the result of my own experience I am unable to accept 
this view; the disease is exceedingly rare in proportion to the 
enormous amount of gonorrhoea which occurs. I have seen it 
several times occurring during an active gonorrhoea as the result of 
catching cold. One might almost feel disposed to deny any con- 
nection between purulent catarrh of the urethra and inflammation 
of the knee-joints, and ascribe their simultaneous occurrence to pure 
accident ; but it is in the experience of too many surgeons for it to 
be accidental, and further, the cases in which it occurs as the result 
of irritation in the urethra from other causes, e,g. catheters, strongly 
speaks in favour of it. Gonorrhoeal gonitis generally occurs on 
both sides ; it is a subacute serous synovitis, which generally termi- 
nates in complete recovery of the joint provided the patient will 
keep at rest, and avoid all further irritation of the urethra ; you 
must apply blisters, iodine, and gentle compression until all the 
fluid is absorbed. Nevertheless, a slight irritation of the joint fre- 
quently persists, and it is a matter of common observation that 
these individuals, on getting a fresh gonorrhoea, are very liable to 
another attack of the joint affection. Chronic articular rheumatism 
is said to result from gonorrhoeal gonitis. 

2. Py antic inflammation of joints also occurs in one or other 
knee-joint ; in the ankle too, shoulder, elbow, or wrist — rarely in the 
hip-joint. It is a purulent synovitis in the most typical sense, and 
is associated in the later stages with destructive suppuration of the 
peri-articular connective tissue; it usually runs a subacute course, and 
thus it is rarely fully developed when our patients come to be 
examined post mortem. Pysemic patients with inflammation of joints 
•do not always die. I have occasionally seen absorption take place in 
the cases in which the patients had pulled through the general infec- 
tion. The treatment is just the same as that already mentioned : in 
large collections of pus puncture will have good effect by relieving 
the pain. Joint diseases, whch are due to injuries, lacerations of the 
urethra from careless catheterisation, and which are mostly accom- 
panied by rigors, obviously do not belong to the gonorrhoeal, but 
rather to the pysemic, variety. I had to treat a young man in 
Berlin who was suffering from laceration of the urethra as the 
result of catheterisation ; an abscess afterwards formed on the left 
shoulder, with destruction of the acromio-clavicular joint, and 
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flnbluxation of the clavicle due to this cause. The patient recovered 
perfectly (as regards his urethra), and as the abscess was not large, 
I did not open it. I saw the young man one year afterwards, the 
abscess had become somewhat smaller ; there was distinct fluctuation ; 
seeing that this abscess did not produce any disturbance in the 
function of the joint, or indeed anywhere, that the patient was 
blooming and healthy, I decided not to open the abscess, and I 
advise you in similar cases of cold abscesses, which are known to 
communicate with a joint, to do the same^ for little is gained by an 
opening, while much damage may be done : an acute inflammation of 
a joint may possibly result, with the dangerous consequences to which 
we have already referred. 

3. Puerperal inflammation of joints, — ^Puerperal or malignant 
lying-in fever is a form of pyaemia which sometimes develops in the 
course of parturition. The purulent inflammation of joints which 
occurs at this time thus comes within the category just described 
of pysemic suppurative synovitis. 

During the third or even the fourth week after parturition an 
acute suppurative inflammation, especially of the knee or elbow-joint, 
comes on, which, as regards its mode of origin, is differently 
explained. Many believe that it is a simple form of acute joint 
inflammation, which results from catching cold ; to this lying-in 
women are especially liable, because they perspire so much and so 
freely. Others believe that these late inflammations of the joints 
are single symptoms of pyaemia, which has otherwise been overlooked, 
in other words, regard them as metastatic. Be that as it may, it is 
nevertheless certain that the cases have nothing specific about them : 
sometimes they run an acute, sometimes a subacute course, and not 
unfrequently by appropriate treatment the disease may be so held 
in check that the joint may recover with motion. It does never- 
theless happen that a more chronic course is assumed, which 
terminates in anchylosis. 

On the whole the prognosis in these joint diseases is not so very 
bad ; very seldom attains the highest degree of severity. Treatment 
is exactly the same as we have already described in acute purulent 
synovitis. 

I will just mention that suppurative inflammation of joints occurs 
in the pyaemia of the newly bom : children are even bom with the 
disease occasionally, as has been observed by myself and others. 
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Inflammation of joints may occur daring foetal life ; it may evei» 
run its course completely, as is proved by those cases in which 
children are bom, fully developed, but with anchylosed joints. 



APPENDIX TO CHAPTERS I— XI. 
Retrospect. General remarks on acute inflammation. 

Gentlemen, — I have thus far brought before you a variety of 
clinical surgical cases, by means of which the acute inflanmiatory pro- 
cess in its various forms was represented. We have passed in review 
injuries and their consequences, as also those acute inflammations^, 
independent of injuries, which come within the province of surgery, 
and have studied the physiological processes which are hereby 
interfered with, the means by which they are compensated for, 
and the methods by which they are repaired. This plan of 
study seemed to me fltted for you, and indeed indicated, for I took 
for granted that you would already possess some knowledge of 
general pathology, and probably appreciate the pathological, physio- 
logical, and histological discussions, which any suitable opportunity 
might allow me to make. Nevertheless, it may not be out of place 
at the close of this the first and largest part of our task, if I give 
you a short resumS of the doctrine of inflammation as now held, 
which has recently been materially advanced by the labours of 
Cohnheim, Samuel, Arnold and others. I shall be very brief, and 
follow up on what I have already said. 

I must begin with the remark that we must leave out of our 
consideration the nervous system, on account of our meagre know- 
ledge of its influence on, and participation in, inflammation. The 
blood-vessels, the blood, and the tissues form almost exclusively the 
subjects of our study. 

The dilatation of the blood-vessels is an important factor in 
inflammation, and yet neither the hyperemia caused by the arrest of 
the blood in the veins (congestive hypersemia), nor the dilatation of 
the arteries from paralysis of their coats (e.g. in the ear of a rabbit, 
after section of the cervical sympathetic), nor the sudden primary 
dilatation of vessels after mechanical or chemical irritation (primaij 
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irritative congestion)^ necessarily and directly leads to inflammation. 
I have something to add to the last-mentioned variety of vascular 
dilatation. The matter stands thus : you rub the eye^ for instance^ 
and it becomes red ; you rub the skin^ it becomes red ; you apply 
warm water to the skin^ it becomes red ; you apply snow to the 
skin, it first of all becomes pale and then red. All these appearances 
are exceedingly transitory, provided the causes which lead to them 
•are only allowed to act for a short time, and are then removed. 
The experiments already referred to relate to the method of 
production of this hypersemia : they are now considered insufficient. 
The symptom is fully appreciated by Cohnheim : yet if we attribute 
•to heat and cold and to chemical agencies a direct, and for the 
moment paralysing, influence on the walls of the vessels, it is 
surprising, according to our present theories, that tliis paralysing 
influence should extend to an extensive tract of the surrounding 
•tissues from a circumscribed area of pressure or irritation after the 
manner of concussion or of a wave-current. It seems to me that 
as yet we know nothing further of this " affluxus " from ^' stimulus.'* 
Cohnheim has shown, what is very important in this matter, that in 
cases where definite inflammation follows on mechanical or chemical 
action, the primary congestive hyperemia may have long disappeared 
before the new and lasting hypersemia, which leads to and 
accompanies the inflammation, makes its appearance ; this primary 
congestion may even under certain circumstances be entirely absent 
in some cases, and the inflammation with its specific inflammatory 
hypersemia may nevertheless ensue. From this it is clear that the 
congestive hypersemia, which so immediately follows on an irritant, 
is not an absolutely necessary factor in inflammation. 

A rabbit's ear, the vessels of which in consequence of section of 
the sympathetic are paralysed and dilated, does not necessarily 
inflame : its tissue in consequence of moderate cedema feels somewhat 
.firmer, but it leads to no further change, nor to any trophic 
disturbance in either the vessels or the tissue. 

Any extensive, congestive hypersemia does no doubt lead to 
serious consequences. It has already been mentioned that an 
increase in the blood pressure, as it occurs after slight injuries, 
quickly passes off, and cannot be appreciated as a factor in inflam- 
mation. But if this congestion of blood extend over a very large 
area and cannot be compensated for, copious exudation of serum 
into the connective tissues (oedema) takes place, so copious that it 
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cannot be taken up by the (still) active lymph vessels ; and at the 
same time there is an escape of red blood-cells through the walls of the 
capillary vessels into the tissue (diapedesis) : Cohnheim had even 
at this time suggested that probably the diapedesis took place 
through preformed openings in the capillary vessels. Arnold had 
not only verified this, but had actually demonstrated that the so- 
called stigmata {i.e. minute orifices which after staining with 
nitrate of silver become visible between the cells composing the 
capillaries) are the points of exit, and he added that the serum of 
the blood streams out of these stigmata. If the arrest of the 
circulation is only partial, nothing further than cedema and diapedesis 
take place ; if the circulation entirely cease, and the blood coagulate, 
gangrene results. 

Finally, if we now come to the hyperemia which accompanies 
inflammation, we see that it is neither the result of a temporary 
irritation, nor the consequence of a paralysis of the nervi vasorum, 
nor caused by arrest of circulation, but that it is the consequence 
of a peculiar alteration in the walls of the vessels (especially of 
capillaries and Veins). We are unable to say what chemical or 
physical change takes place in the vessel wall : we only conclude 
that the vessels of the inflamed district are permanently dilated, and 
allow an enormous quantity of the white blood-cells (not only 
through the pre-formed stigmata, but also at every part of the vessel 
wall) to escape ; in fact, that the substance of these vessels is in a 
softened and yielding condition. It is not very easy in all cases to 
determine why they should get into this condition : it is generally 
considered to be the direct efTect, although only occurring after the 
lapse of some time, of the inflammatory process or the inflammatory 
irritation. On attempting an explanation of the presence of an 
extended (however slight this may be) inflammatory border or 
focus after sharply defined injuries by incision or puncture, the 
same difficulties again present themselves which were encountered 
in the explanation of primary congestion. We must somewhat 
unwillingly accept that an injury to the vessels can never be 
exactly confined to those vessels which seem to be directly affected, 
and that under any circumstances the injury spreads out a little ; 
least of all in incised wounds, punctures, and circumscribed rapid 
burns, most so after certain chemical effects. This, however, is really 
no explanation at all, but simply a paraphrasing of the observation 
itself. 
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Let US now take into consideration the blood and the blood 
current in the inflamed tissues. The primary afflux is accompanied 
by a considerable increase in the rate of the blood-flow, especially 
through the arteries ; this latter returns to its normal rate of flow 
if the primary dilatation of the vessels goes down. In the vessels 
which are permanently dUated in the district of the inflammatory 
focus the rate of the circulation gradually decreases, especially 
in the veins; then it becomes irregular, and occasionally com- 
pletely arrested in places. This stasis, which is not necessarily 
associated with coagulation, was formerly looked upon as a very 
important part of true inflammation; it has been variously ex- 
plained, but these explanations have now little interest for us, 
because we well know that many inflammations run their course 
without stasis, and that this stasis, in spite of progressive inflam- 
mation, again resolves ; if it remain permanently, coagulation of the 
blood in the vessels takes place (thrombosis), with all its sequelae, 
according to the local conditions and extent of the thrombosis. 
Either a restitutio ad integrum in the district of threatened tissue 
takes place by collateral dilatation, or gangrene sets in. In conse- 
quence of the slow and irregular circulation (which later on, however, 
again becomes normal) within the inflamed area, large numbers of 
white blood-cells gradually heap up around the walls of the small 
veins and capillaries, and become adherent; this is spoken of as 
adhesion of the white corpuscles to the vessel wall {Randatellung 
der weissen Blutkorperchen) ; the migration of these cells through 
the vessel wall into the tissue then begins, the interstitial filling of 
this tissue with the wandering cells (cellular, or if in very great quan- 
tity, purulent infiltration), eventually the migration of cells onto the 
surface (surface suppuration, purulent catarrh, secretion of pus). 

We have now the complete picture of acute inflammation before 
us ; but just as the process even at the stage of vascular dilatation 
and hugging of the arterial wall by the white blood-cells may 
subside, so may it subside even in later stages, when there has been 
rather extensive cellular infiltration, without leaving traces in the 
infiltrated part or in the dilated vessels of any visible change. If, 
however, the infiltration attain a certain intensity, the infiltrated 
tissue entirely disappears, and pus forms in its place, an abscess 
develops; or an interstitial new growth forms (granulation tissue, 
inflammatory new growth) which takes the place of the inflamed 
tissue, and which, unless it be destroyed by any subsequent necro- 
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biotic changes^ becomes developed into connective tissue (scar)^ 
vessek and nerves. 

Let us inquire how this disappearance of the inflamed tissue is 
brought about : is it caused by the direct action of the inflam- 
matory agents or is it due to the cellular infiltration ? This brings 
us to the third important point in inflammation, namely, the 
behaviour of the tissue itself during the changes which we have 
just described. Let us first of all consider the inflammations pro- 
duced by well-known chemical and physical agents : there can be no 
doubt that they cannot possibly act on the vessels and on the blood 
without at the same time acting on the tissue. Samuel starts 
essentially from results produced chemically, and explains inflam- 
mation as the result of a combination of the chemical irritant with 
the tissue, the coats of the vessel, and the blood. The migration of 
blood-cells, their infiltration into the tissue, and the histological 
processes which result therefrom, are, according to Samuel's view, 
quite secondary events. If the action of concentrated sulphuric 
acid on a tissue lead to such metamorphosis that the circulation of 
the blood and lymph is no longer possible, the tissue is directly 
killed ; the altered condition, however, in which a tissue is found 
after the absorption of very dilute sulphuric acid (whether at the edge 
of an eschar produced by concentrated acid, or because only very 
dilute acid was originally applied), in other words, this interference 
with the chemistry of the tissue by the action of the acid, by which the 
blood and lymph circulation, however, is not absolutely destroyed, is 
ihe essential cause of inflammation. According to this view, if I have 
rightly understood SamueFs views, the altered chemical action in 
the inflamed tissues would vary in each special case ; there would 
be one for acids, another for alkalies, another for setherial oils 
{e. g. turpentine), another for irritant oils (croton oil) and so on. 
The condition of the inflamed tissues would vary again when pro- 
duced by low degrees of cold or by high degrees of heat ; it would 
be different if produced by contusion, or by the action of steam 
on the free surface of serous membranes, &c. Thus we should 
have to renounce altogether the idea of acquiring any definite idea of 
the chemical changes going on in inflamed tissues. 

I do not know whether this view would find much acceptance. 
We have hitherto always included the altered tissue-conditions in 
•our idea of the inflammatory process as a whole, much in the same 
way as we include under the term concassion of the brain not only the 
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tuit of concussion, but also the immediate consequences of this act on 
the brain and on its function ; if an inflammation follow on a concus- 
sion of the brain, the condition of the brain, altered by the concussion, 
may modify the nature and extent of the subsequent inflammation ; 
nevertheless, we are not in the habit of speaking of a concussed 
brain as an inflamed one. The same applies to contusions ; if the 
normal condition of a tissue be interfered with by a contusion, 
without, however, having its functions entirely suspended, the 
changes going on in its blood and lymph channels will hereby be 
modified, and this modified kind of tissue-life we call inflammation, 
but not the immediate result of the contusion. Processes for the 
most part identical — different only in extent and in intensity — 
which rapidly take place in the tissues as the result of chemical^ 
physical, or mechanical agents, constitute what we commonly call 
inflammation ; the tissue itself, no doubt, plays an important part 
which may in some measure be modified, but not materially altered, 
by the action which the inflammatory agent directly exercises on the 
tissue. 

As a visible and constant result of the acute inflammatory process 
we now see dilatation of the veins and capillaries, with migration of 
white blood-cells, and with certain disturbances in the physiological 
functions of the implicated tissues. In order that all this take 
place, one function certainly of the vessels — that of keeping the 
cellular elements, the blood within the channels formed for them — 
must certainly be interfered with; but is such a functio lasa 
really confined to the vessels, or does it extend also to the tissues? 
It is exceedingly probable. The granular cloudiness which is seen 
in inflamed muscle, the indistinctness of the fibres in inflamed con- 
nective tissue, the granular decay of inflamed nerve-fibres, the 
rapid decolorisation of the red blood-cells in acutely inflamed tissues, 
all indicate that certain and constant changes take place in the 
tissues, which, except in cases where the too rapid and too severe 
development of these changes leads to gangrene, tend to a gradual 
decomposition of the tissues or even to their death. I admit that 
there is at present no proof that these tissue changes commence 
Himulianeoudy with the vascular dilatation, and that they may be 
regarded as a rapid and an immediate result of this dilatation ; for 
if this tissue change be alone found without vascular dilatation and 
cell-infiltration, or if these conditions be produced artificially by 
impeding the flow of blood to the injured part (Samuel), then it 

DD 
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may be argued that such a conditiou of the tissues ought not to be 
described as inflammation in the usual sense of the tenn (Cohnheim). 

On the other hand^ an attempt has been made to separate the 
altered condition of the vessels, which allows such free migration of 
the white cells (suppuration), from inflammation. When yre come 
to consider chronic inflammation we shall see that all these circum- 
stances may really take place separately, and that what we now call 
acute inflammation only results from a combination of them alL 

Yirchow some time back decided this question by locating the 
process of inflammatory nutritive disturbance in great part in 
the tissues; it was caused partly by the tissue changes already 
described and visible with the microscope, partly by the observation 
that in non-vascular tissues, as in the cornea or in cartilage, young 
cells spring up in the irritated tissue, just as is the case in 
inflamed vascular tissues. These last observations, which were 
made at a time when the migration of the white blood-cells 
was not known, are now open to another explanation. We no 
more doubt now than formerly that a cartilage cell and many 
other kinds of cells, as the endothelial cells of serous membranes 
(Bindfleisch, Kundrat), young epithelial cells (Eemak, Buhl, Bind- 
fleisch), form within themselves after certain kinds of irritation, 
new protoplasm and new cells, then subdivide and so by means of 
this germination help to the formation of new tissue. It is yet 
doubtful whether all these so-formed cells possess independent 
movement like pus-cells ; indeed, very few observers now believe that 
the fixed connective tissue, epithelial and bone corpuscles, acquire 
this power. It is now generally accepted that suppuration does 
not result from proliferation of the fixed connective-tissue corpuscles 
as formerly propounded by Virchow. How far the wandering cells 
are concerned in inflammatory new growth is by many still r^arded 
as unsettled ; according to my own observations I can scarcely doubt 
that the tissue which brings about primary union, as also granula* 
tion tissue, may be formed from the wandering cells, though possibly 
another mode, budding-out, direct outgrowth of the tissues, 
is possible. This development of the wandering blood-cells into 
connective tissue seems to me quite plausible, because the cells, 
according to my observations, most probably are derived from con- 
nective-tissue cells, that is, from the stellate cells and reticular 
fibres of lymph gland sinuses. The reason why the forementioned 
tissue cells^ for instance^ cartilage cells, begin to grow after a little 
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ritation, then to subdivide and eventually develop into new tissue, 
I is, in recent times, believed to be found in the hypothesis that any 
protoplasm, which obtains suitable natiitive lluid will grow nn- 
bindered and subdividu, unless the pressure of the tissue into which 
the protoplasm is being developed interferes with and prevents it ; 
tie partial setting free of the nucleus, e. g. by injory, or a too great 
yielding of the tissue, may alone sufHce, under favorable conditions 
of nutrition, to set up growth in the portion of the cell still remaining. 
1 consider this hypothesis, first thrown out by Thiersch in con- 
nection with another subject to which we shall presently refer, 
and since warmly taken up by Samuel, exceedingly probable, 
and believe that it may serve as a basis for further and froitful 
research ; nevertheless we must not consider that the above question 
is decided, as the conditions of tissue development depend on many 
other important factors besides nutrition and pressure; thus, for 
instance, on the hereditary predisposition of the protoplasm. Neither 
does the liypothesis fit in cases of endogenous cell development of 
endothelin after inflnnimatory irritation of tiie omentum. 

Whether a condition of primary alteration in nutrition takes 
place in the tissue itself (quite independently of its blood-vessels 
and their function), which in its turn sets up a specific infiam- 
matory alteration in the vessels, is not known. But it is con- 
sidered that the accumulation of salts of urea in the tissues of cer- 
tain parts of the body in arthritis represents this condition, though 
of course these local accumulations do not exclude vascular partici- 
pation, nor a simultaneous change both in the vessels and in the 
soft tissues. It has, further, been demonstrated by one of Cohn- 
heim's experiments that a long-continued shutting-out of the blood 
from the vessels so acts on the vessel walls, lliat on readmitting 
the blood into the vessel, a free migration of blood-cells takes 
place. It has already been shown that continued stasis does not 
produce this elTect on the walls of those vessels in which the blood 
jnatcs ; but from clinical observation it would appear probable 

nt the pressure which vessels, largely and suddenly dilated, 
jxercisr on the neighbouring tissue produces slight degrees of 

iflamraation in those tissues. 
It would seem very probable that inilammntinn may be set up 

lot only by the chemical, physical, and mechanical influences which 
i directly on certain parts, but also that disturbances of nutrition 

a the tissues themselves and in the circulation, such us take place 



^31 



420 APPENDIX TO OHAPTBES I — XI. 

within the body withoat any appreciable external influences, may 
become causes of inflammation. 

There is a symptom which I must not forget to mention^ one 
which formerly played a very important rSle in inflammation, and 
which in modern works on this subject is never mentioned — I refer 
to the formation of fibrin in certain kinds of inflammation. It is 
especially, if not altogether, found in inflammations of the connective 
tissues ; sometimes also it is found on the surface of serous cavities, 
of recent granulating wounds, or on mucous membranes (especially 
of the nares, larynx, air-passages and bronchial tubes) ; in other cases 
there is a fibrinous coagulation of the nutritive juices contained 
in the connective tissue. It has already been said that this 
formation of fibrin is not due to any excess of fibrin in the bloody 
but that it depends on chemical alterations in the inflamed part. 
Fibrin is formed in inflamed parts : it is a result, though not a 
constant one, of changes in tissues undergoing inflammation. From 
a clinical point of view the remarkable difference in the symptoms 
associated with fibrinous inflammation is very striking. Thus 
while rapid formation of fibrin to a moderate extent greatly 
favours and promotes speedy union by the first intention, as also 
the partial adherence of the surfaces of serous membranes and that 
too with scarcely a trace of inflammatory or febrile symptoms; 
in other cases a not very extensive fibrinous coagulation of 
the tissue, with a slight fibrinous deposit on the mucous mem- 
brane of the fauces (diphtheritis), from often inexpUcable causes 
leads to death. It is quite obvious that fibrinous coagulation of the 
fluids of a tissue is a very grave alteration of nutrition ; it ofiken 
enough, as we know from experience, leads to necrosis of the 
coagulated tissue. 

The severe constitutional symptoms, the intense and extensive 
inflammatory redness which accompanies the process, cannot well be 
caused by the formation of fibrin as such : they must be due to 
the absorption of the products of decomposition from the tissues so 
affected, and which are so especially liable to produce this poisonous 
effect. 

It appears to me that a similar scale of malignancy is seen in 
acute inflammations with production of fibrin as in acute inflam- 
matory processes without formation of fibrin : thus this fibrinous 
exudation would appear as an accident of locality and of tissue, the 
clinical importance of which is very great, but which does not add 
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jrtbing of importance to the inflammatory process as sucli, nor 
materially change it. Serous effasion also, which mostly accom- 
panies acute inflamniatioDS, ia also a matter on which we must saj 
a few words. In many cases, no donbt, it is the consequence of 
altered conditions of pressure in the blood-vessels of the inflamed 
part : in many case* it is clearly dae to the funcHo lieaa of the 
vascular walls and of the tissue around. It is seen in inflammation 
of connective tissues, especially also of serous membranes, where it 
becomes a chief symptom. The walls of the blood-vessels are 
unable to hold the serum of the blood ; the tissues do not elaborate 
it) the veins and lymph- channels only partially carry it away, 
especially if tliey are coated with and plugged by lymph as in 
inflammation of the serous surfaces, on which lymph vessels openly 
terminate. The serum of acute inflammation differs materially from 
the serum, which produces dropsy without inflammation ; because 
with the former there are mixed not only wandering cells and 
broken-down (decolorised) red blood-corpuscles, but also all the 
soluble products of the inflamed tissue. Even the gradual carrying- 
away of this fluid by the veins and lymph- vessels, no doubt, on the 
one hand frees the tissues from a not inconsiderable pressure and 
thus rids them of dangerous inflammatory products, but on the 
other hand this drainage, in part at least, takes place into the blood 
and thereby causes, according to my views, inflammatory fever. 
I need not now say more on this point, as I have already 
thoroughly discussed it elsewhere. 

Finally, something might be said concerning causes by which 
circumscribed and often purely mechanical irritants occasionally 
produce very intense and progressive inflammation, and of the 
manner in which these inflammations extend. But T will not at 
present further trouble you. I have already alluded to it, and | 

I will again refer to the subject during my lectures. j 

Pathological anatomists have not yet devoted much attention to I 

these questions : but surgeons are brought into contact with them I 

only too often, and seek in vain for means by which these pro- 1 

gressive inflammations may be momentarily checked. I shall f 

frequently have opportunities in the wards of drawing your attention 
to this important point. j 

It is the fashion of the present time for these so-called theoretical I 

reflections, with which I have perhaps wearied very many of you, I 

I to be considerably undervalued as to their importance and influ- ^k 
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ence on practice, and this fashion draws many of you along with 
it, and induces some not to trouble about the acquirement of 
this knowledge or to reflect upon it. But I can assure you that 
in years to come you will scarcely be able to read and understand 
any medical work, if during your studentship you have not acquired 
a thorough basis on which further and further to build. I am 
persuaded that after some years of private practice many of you^ 
who to-day are thoroughly sick of lectures, will yearn after them, 
and feel anxious to listen once again to a good scientific discourse 
on some important morbid process. I shall be highly gratified if, 
in times to come, and in some such spirit as this, you look back 
on to-day's lecture. 



LECTURE XXIII. 

CHAPTER XII. 

OF GANGRENE. 

Dry and moist gangrene. — Immediate causes, — TAe process of 
separation. — I^e different varieties of gangrene according to the 
remoter causes, — i. Destruction of the vitality of tissue from 
tnechanical or chemical causes. — 2. Complete arrest of the afflux 
and reflux of the blood. — Incarceration. — Continued pressure. — 
Decubitus. — Over-tension of the tissues. — 3. Complete arrest of 
the supply of arterial blood. — Spontaneous gangrene. — Ergotism. 
— ^4. Normal gangrene in various diseases of the blood. — 
Treatment. 

Ws have already often spoken of gangrene, and of '' becoming 
gangrenoos/' so that you know what is broadly meant by the term; 
you have seen a series of cases in which death of tissue occurred 
locally. There is still a large number of other causes with which at 
present you are unacquainted, which lead to gangrene ; let us group 
and consider them in the coming chapter. 

You are already aware that the word mortification is perfectly 
synonymous with gangrene; the latter word was originidly only 
applied to the stage in which the dying parts were painful and hot, 
that is not yet quite dead : this stage was called '^ hot gangrene'' ; 
in some measure it represented the highest grade of acute inflam- 
mation. Besides this, the word '^ sphacelus" was used by the 
older authorities for moist '^ cold gangrene." The process of dry 
gangrene is also called '^ mummification.'' Moist gangrene from 
the very moment when the circulation ceases becomes a process 
which is entirely analogous with the process of ordinary putrefaction. 
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Atthov^ it ii impoanhk to stite definitdj why moist gmgxoir 
comes on. in one caae and dij gsngKot in another, it may be 
itated roughly that thooe ports in wiath the drcnktion ceaaer 
qidckly^ eapeciaDy if they were prevraiEdy inflamed and cedematoos^ are 
attacked by moist gangrene. Dry gangrene, the mommy-like dryiqf 
up and shrinking of parts^ is more Creqaaitly the result of a gradnat 
death, during which the drcolatiQn in the deeper parts, thon^ 
beoHning weaker and weaker, still goes on for a while ; the sflmm 
of the gradually necrosing tissues is takoi up and carried away by 
the lymph-TessMels and reins. The rapid eraporation of the fluids 
from without also helps to bring about a gradual drying up of the 
necrosed parts. 

It is equally true that a superficial dryness of the skin may occur in 
moist gangrene ; it is further fiToured by remoTing the easily d^ached 
epithelial layer from the decomposiog tissues. The drying up may 
idso be greatly promoted by applying to the affected pajrts any fluids 
which haTe any attraction for water, such as alcohol, corrosiTe 
sublimate solution, sulphuric add, and the like : but such a complete 
mummification as every now and then occurs spontaneously is not 
f ery easily attained artificially. Dry gangrene is not a simple decom- 
position, but rather a complicated process dependent on cessation 
of the circulation. 

The immediate cause of the death of indiyidual parts of the body 
is always the complete arrest of the supply of nutritious fluids, 
generally in consequence of suspended circulation in the capillaries : 
under some circumstances the main arteries and veins of an 
extremity may become plugged in places, and then the blood finds its 
way through branches into the upper or lower parts of such vessels. 
Thus the obstruction of a main artery can only be the immediate 
cause of gangrene, when collateral circulation is impossible. Tins 
may be occasioned partly by special anatomical conditions, partly by 
great induration of the walls of the smaller arteries, partly by a 
very extensive injury to the chief arterial stem, as for instance 
when the femoral artery is plugged from the bend of the thigh right 
down to the foot; only then, when the capillary circulation is 
completely arrested by these conditions, will the nutrition cease. 
But it is not always necessary that cessation of the circulation in a 
limited capillary district, or in the parts supplied by a small artery, 
should be followed by actual decomposition ; the disturbance in the 
nutrition may assume another form under these drcumstanoei^ 
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lecially if this localised and limited disturbance in tlie circuIatioD 
come on gradually and slowly. In this case there is molecular disin- 
tegration of the tissue, which shrinks and dries to a yellow cheesy 
mass ; in short, there is a whale series of the metamorphoses which 
on the dead body we speak of as " dry, yellow infarcts "; these are 
nothing else than portions of tissue, which, as the result of a kind 
of dry gangrene confined to a very narrow area, have died. If this 
disturbance of natrition and molecular disintegration of tissue 
occur on an exposed surface, we speak of it as gangrenous ulceration 
or as dry ulceration ; the whole series of so-called atonic ulcers, to 
which we shall have again to refer, has its cause for the most part in 
such-like limited distnrbances of nutrition. Hence, near as is the 
connection between dry gangrene and some forms of ulceration as 
regards cause, still the picture of gangrene in its various forms is 
thoroughly distinct and peculiar, as the description wilt show, since 
there is not only molecular death of the tissues, but also destruction 
of large tracts and even of entire limbs. It would, ^ priori, be 
supposed that the complete plugging of all veins returning blood 
from a limb would lead to complete stasis in the capillaries ; but 
such a condition seldom obtains in actual practice, because the 
veins are so very numerous, and because there is almost all over the 
body a double channel for the return of the blood, namely, through 
the deep and through the subcutaneous veins. Both these systems 
freely intercommuuieate, and when one channel becomes closed, the 
other will probably be, at least partially, open. When dry gau- 
gicuc seta in in the skin, and in the more deeply seated soft parts, 
'they usually acquire a greyish -black, and then a cnal-black colour. 
lTd those cases, in which the parts were previously inflamed the 
akin generally appears of a dark violet, then of a greenish -yellow 
colour, and only in case of partial drying up does it become brown 
or greenish black ; necrosed tendons and fascire change their colour 
but very little. When, from disturbance of the circulation, it i» 
clear that a large area of tissue ceases to be nourished, the border 
line between dead and living becomes more and more marked; a 
bright red line appears all round the dead skin, the so-called " hne 
of demarcation," This redness is produced by the dilatation of the 
capillary vessels, which is due partly to collateral circulation and 



L partly to inflammatory hypera?mia from absorption of putrescent J 

fluids. Along with these vascular changes, a rapid infiltration of ■ 
cells takes place in the line of demarcation ou the skin, through H 
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which the tissue itself, whatever its nature may be, is partially 
softened and loosened. Wandering cells in the form of pus appear 
along the borders of the living tissue in place of the said tissues, and 
so the coherence of the parts ceases. The dead detaches itself firom 
the living, and at the edges of the latter there is found tissue 
changed by plastic infiltration and dilation of vessels, granulation 
tissue, in fact. Expressed in simple surgical language, we should 
say, the dead must be separated from the living by vigorous suppu- 
ration, and this detachment of necrosed tissue is followed by an 
active formation of granulations which cicatrise in the usual 
manner. This process repeats itself after demarcation of the gan- 
grene in all tissues, and in all forms of gangrene, sometimes quicker, 
sometimes more slowly, but in an exactly identical manner, even 
in bones, as you already know from the necrosis of fragments in 
compound fractures. We will not here go into the subject of 
necrosis of bone, because it is so intimately bound up with 
other chronic bone diseases, that it will be preferable to speak of it 
along with them. The time necessary to bring about separation of 
the necrosed tissue may vary very much. It depends (i) on the 
size of the piece ; (2), on the vascularity and consistence of the 
tissue ; (3), on the strength and vitality of the patient. 

As gangrene is the result of other diseases, it is not always easy 
to group those symptoms which are to be considered as the result 
of gangrene on the general condition. When the line of demar- 
cation has once formed, and the process of separation is going on, 
then any effect on the general health-condition only becomes 
apparent when the gangrene affects considerable portions of ex- 
tremities. In such cases a marasmic condition sets in, a gradual 
suspension of all functions, the temperature of the body goes down 
below normal, the pulse is very small, the tongue dry, a condition 
of semi-stupor comes on, during which the patients become weaker 
and weaker, and finally die. In the dead body we are unable in 
«ome cases to discover any special destruction of separate organs, 
while in others we sometimes find metastatic abscesses in the lungs. 
This is one form of subacute or chronic septicaemia : I have no sort 
of doubt that the repeated absorption of the putrid fluids formed 
during the development of the gangrene while the blood and lymph 
circulation is still going on, may become causes of death. I purpose 
referring to this subject in the next section. 

After these general remarks we must pass on to a more caieful 
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^^^HHudy of the seponile furma of gangrene according to tbeir remote 
I €r proximate cauaes, and their practical importance. 

1. Complete loss of vitality of the tissues from meclianical or* 
chemical effects, sucli as crushing, contusions, injuries from heat or 

I cold, or corrosive acids or alkalies. Long- con tinned contnct with 

Sfflmoniacal urine, with malignant pustular fluid, with putrcfjrtng 
materials, which act aa ferments, &c., come into this group. We 
have already siiukcu of all these varieties of gangrene, or shall have 
to do so. 

2. Complete arrest of the circulation of the hlood, both to and 
from the part, by means of a circular compression or any other 
mechanical obstruction is in maTiy cases the cause of capillary stasia 
and of gangrene. I'or example, if you tied a string tightly round 
«□ extremity, you will lirst get venous stasis, then oedema, and last 
of all gangrene. Let us take a practical example : if the prepuce be 
too narrow, and be drawn forcibly back over the ginns so that a 
paraphimosis result (from ^i/ioc, a muzzle), the constricted glans, 
or ill this especial inalH-inre, the constricting ring, may become gnn- 
grenous. The gangrenescencc of strangulated herniee depends on 
the same cause. Continued pressure may likewise cause gangrene 
by arresting the How of blood to and from the part, especially in 
individoala whose hcjirt-power is weakened by long disease, or who 
are predisposed to gangrene on account of general septicaemia. 

Decubitus, the so-called bedsore of sick people, is gangrene of this 
variety, brought on by continued pressure; but we must just 
remark that all kinds of bedsores arc not necessarily gangrenous; 
for in many cases it essentially consists in a gradual mace- 
ration of the epidermis and derma, which results from long-con- 
tinued lying in a bed wetted through with sweat, urine, or other 
fluids. Decubitus very frctjneully occurs over the os sacrum, and 
may sometimes attain a very large extent, all the soft parts in the 
neighbourhood becoming gangrenous down to the bone. It may 
also occur on the heel, on the trochanter, over the head of the 
fibula, over the scapula, or the spinous processes of the vertebra, 
according to the position of the patient. The same thing may bo 
produced by badly lilting instruments. Decubitus is the more 
serious, because it generally comes on during other exhausting 
disease!!. Although no disease, in conactiuence of which the patient 
is condemned to long and absolute rest, is entirely exempt from the 
fatal complement of decubitus, nevertheless there are diseases 
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vbicb especially predispose to it, and of these tjphoid fever comss 
first ; in septicaEmia also deenbitns occurs very early, even after three 
■to five dayp in bed ; it is generally preceded by a localised patch 
of stasis in the skin over the sacrum. On the other bxnd, 
phthisical patients, under proper care, may keep their beds for 
months or years without gettbg decubitus. Bedsores are very 
troublesome for patients, especially in chronic diseases, because they 
are at limes accompauied by very great pain. In acnte cases of 
typhoid ami seplioemia, on the contrary, the patients sometimes do 
not feel them, even when the bedsores are very eitensive. This 
variety of bedsore is exceedingly dangerous if the active cause can- 
not be completely removed, as it tends to become progressive. The 
prognosis is the more serious in proportion to the exhanstion of 
the patient ; it is even a cause of death in some cases, as it con- 
tinues to spread more and mor« in spite of all treatment, and it 
may become the starting-point of severe pyeemia. 

Too great a tension of the tissues, in consequence of which the 
vessels become distended, and in some places even compressed, leads 
on the one hand to a decreased blood-supply, while the demand for 
nutriment is increased ; on the other hand, to a coagulation is the 
capillaries in consequence of increased friction. 

Many forma of gangrene probably depend on this cause ; such for 
instance, as occur in ioflamraation, and which we have already men- 
tioned in spealciDg of phlegmonous inOammation. It is not, how- 
ever, to be supposed from this that every blood stuis in the 
capillaries which may chance to occnr in inflammation is to be 
referred to over-tension in the tissues ; there are other causes to be 
considered also. It would lead me too far were I again to discuss 
the relation of tlie blood to the vessel waU ; this we have already 
thoroughly gone into in the chapter on inflammation, and we shall 
have to further allude to it when treating of -venous thrombosis and 
phlebitis. 

The complete arrest of the arterial blood supply, which is chiefly 
due to heart nnd arterial disease, must under certain circumstances 
naturally lead to gangrene ; to this class belong those forms of gan- 
grene which are specially called gaugrena spontanea, or still more 
frequently gangrena senilis, because of its occurrence chiefly in old 
people. This spontaneous gangrene may occur in various ways, 
and appear under various forms. The causes may be very dilTerent, 
thus thrombosis may begin in the capillaries (marasmatic tbromboBis 
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in consequence of heart debility or iitsufCcient power io the smiilt 
STteries) ur an autochthonous (local] thrombo§is occurs, which 
spreads into tlie chief arterial trunk, or the lliromboais may result 
from einbola. Further, an advauced degree of an»;min with great 
flecondary narrowing of the vessels and debility of the heart ; finally 
a long-continued spasmodic contraction of arteries may lead to 
gangrene. True senile gangrene is a disease which originally occurs 
in the toes : it is very rare in the fingers. I have seen this in one 
case, however. There are two chief forms : in one form a brown 
spot occurs on one toe, this changes to a black colour ; the spot 
gradually enlarges and spreads until the whole toe is completely 
dried up. In favorable cases the demarcation takes place at the 
metatarHo- phalangeal joint, the toe falls olT, and cicatrisation takes 
place. This mummification, however, may spread higher upwards 
ftnd extend as far as the middle of the foot, or u]i to the malleoli, or 
to the middle of the calf, or even close to the knee. In another act 
of cases the disease begins with symptoms of inilammation, a^dema- 
tous swelling of the toes, very intense pain in the purts which iirat 
turn to a dull blucish red, then to a blockish colour; there are 
stages in this process during which wc may distinctly see by the 
blueish-rcd mottling of the skin liow the circulation in some places 
is being carried on under great dilBcultics, while in other places it 
has ceased altogether. The French compare lliis ring of di3ea.4<-d 
tissue between the dead and the living parts not in:>pfly to death 
by snffocation and speak of it as local asphyxia (" asphixie locale"). 
In this forih of moist hot gangrene the disease gem rally afTects 
several toes at once, then sj)read8 to the foot, so that in the course 
of some weeks the whole foot, and even the entire leg, becomes 
gangrenous ; in such eaaca the decomposition early sjircads to the 
(Edematous subcutaneous tissue, and thus the danger of purnlcut 
infection by the lymphatics is much greater than in the prucetio of 
mummification. The scat of the v&scuUr disease, which Icadn to 
spontaneous gangrene, is very various ; in the true (niantsmic) gan- 
grena senilis the primary plugging is due to very weak circulation 
in the capillaries, and this extends backwarda into the arteries. 
This feebleness of the arterial circulation may dc]jcnd on many 
causes: — (i) It may be due to lessened activity of the hejirt; (2) 
or to thickening of the arterial walls, combined with narrowing of 
lumen; {3) to degeneration of the niU!<cular coat of the smalt 
!rie». In many cases all these circumstances combine togctlier. 
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(br old penoDff with fcefale harts ae cspccalK fidJe to diseise of 
arterks : in fact, hcait and avtcmi discftsc sir coKnOr dne to one 
eommon cause. This it not the place to discaas at waj kngUi how 
br the ligiditj and the athaoBatoiis process in the waDs of arteries 
is doe to chrome inflammation, or whether ik is to be regarded as a 
special diwase, neither can I enter upon the coosideiation of the 
foier histolc^ical conditions, of whidi we shall hare something to 
saj when treating olzBttmisms; I wiD oolj saj this much, that in 
old people the arterial walls are oft»i Terr mnch thickened, that 
witUn them calcareous formaticHis often take place to snch an 
extent that the artery becomes completelj calcified, its lumen con- 
siderablj narrowed, and its interior surface coTered with rough pro- 
jections, which dispose to the formation and entanglement of blood 
clots. The natural qualities of the arterial walls are lost to such an 
extent that at last the vessel is neither elastic nor contractile, and 
thus partlj from narrowing, partlj from deficient contraction of the 
vessel, considerable difBculties are placed in the way of the circulation, 
which is already slow from the want of heart power. It is very 
easy to imagine how in such cases the circulation may entirely cease, 
especially in parts which are far distant from the heart. 

While the cases just described are very properly termed senile 
gangrene^ and their connection with disease of arteries since 
Dupuytren's time is generally acknowledged, there is another form 
of spontaneous gangrene, which certainly may come on in old 
people^ but which is nevertheless materially different from the fore- 
going ; for a large portion of an extremity, for instance, an entire 
leg as far as the calf or the knee, will all at once become gangre- 
nous. 

The process takes place in this manner: — In the main artery, 
say the femoral, either in the thigh or the ham, a solid clot forms, 
and becomes adherent to [the inner wall of the vessel at spots 
roughened by previous atheromatous disease, or it forms in sac-like 
dilatations of the artery, and gradually through the apposition of 
fresh fibrin, increases in size, until not only the arterial lumen^ but 
also the peripheral portion of the artery as well as a portion of 
the central extremity are completely plugged up. The consequence 
of this plugging of the artery, through autocthonous formation of 
thrombus, which little by little interferes also with collateral circu- 
lation, is usually gangrene of the entire foot and of part of the 1^ ; 
this is dry or moist according to the rapidity with which the clot 
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has formed : occasionally it is qaite possible to observe the growth 
of the thrombus^ by the gradual spread of the gangrene. I once 
had under observation in Zurich an old man who was admitted 
into the hospital with spontaneous gangrene of the foot. On 
account of his emaciated condition, and the great rigidity of the 
arteries, the pulsation of the femoral could be distinctly traced as 
low down as the ham. Subsequently the gangrene spread, and the 
pulsation in the lower part of the artery at the same time ceased ; 
fourteen days later, and a short time only before death, when the 
gangrene spread to the knee-joint, the pulsation in the femoral had 
ceased at Poupart^s ligament. The autopsy confirmed the diagnosis 
of complete arterial thrombosis. The gangrenous leg was so 
completely mummified that it was removed from the body; it 
was covered over with a coat of varnish, and without further 
preparation was thus preserved : it is now in the museum at 
Zurich. 

Another cause of arterial thrombosis is where the primary plug- 
ging of the artery is due to embolus. A fibrinous clot, which may 
be detached in endocarditis, or set free from an aneurismal sac, may 
get wedged in the artery of an extremity ; this leads to the further 
deposit of fibrin. In recent times there is a tendency to ascribe 
most cases of softening and of induration in the brain or spleen for 
instance, to such emboli. We recently had a very interesting and 
typical case of this kind in the wards. A young woman, about six 
weeks after confinement, had great swelling of the left leg, which 
was quickly followed by a dark blue discoloration of the skin, and 
then rapid putrefaction of the limb : there was marked septicaemia 
when the patient was admitted. As there was no great ansemia, 
and no disease of arteries could anywhere be discovered in the body, 
I came to the diagnosis of endocarditis with fibrinous vegetations 
on the mitral valve, detachment of one of these vegetations and 
plugging of the left femoral artery at its bifurcation in the popliteal 
space ; and I stuck to this diagnosis although no abnormal heart 
murmur could be heard, and because it is well known that many an 
endocarditis may run its course without producing any appreciable 
symptoms ; the sudden putrefaction of the leg must have had some 
sudden cause. As no line of demarcation formed, and as the 
general condition of the patient daily became worse, no hope of 
saving life by amputation could be entertained. The patient died 
on the twelfth day after the gangrene set in, and the autopsy con- 
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firmed the diagnosis completely. It seems remarkable that no 
collateral circulation sbonld take place in such cases^ as after liga- 
ture of the femoral artery. I can only explain this by supposing 
that the heart's action in endocarditis, which is often complicated 
with myocarditis, is so materially weakened that the blood pressure 
is insuf&cient to dilate the small collateral arteries. 

The cases are very rare in which in consequence of excessive 
anaemia the arteries are so much contracted on the one hand that 
but little blood circulates through the smaller ones ; on the other 
hand the nervous excitation of the heart is so weak that its contrac- 
tions are very incomplete. Spontaneous gangrene from this cause 
is less common in men than in weakly cUorotic women with 
amenorrhoea : these individuals, who are for the most part young, 
often suffer from cold moist hands and feet, and from fainting fits, 
and considerable lassitude ; the disease is more common in France 
than in Germany and England ; there is an excellent work on this 
subject by Eainaud entitled, ' De TAsphyxie Locale et de la Gan- 
grene symetrique des Extremit^s,' 1862. As the title expresses it, 
the gangrene for the most part comes on symmetrically in the two 
extremities. I have as yet seen only one case which could be 
classed in this category : a young, exceedingly anaemic man, with- 
out any known cause, got gangrene of the tip of the nose, then 
gangrene of both feet. Death took place after some months of 
suffering : as during life, so in the dead body, beyond an extreme 
and inexplicable poverty of blood, I could not find any disease. 

The form of gangrene which is observed as the result of eating 
ergot is considered to be due to a continuous spasmodic contrac- 
tion of the smaller arteries. This substance causes an increased 
contraction of the organic muscular fibres, especially of those of the 
uterus and of the uterine arteries. 

Ergot (blighted corn, secale cornutum) is a diseased grain, grow- 
ing out from the ears of rye (secale cereale), in which a peculiar 
material called ergotin is formed. If bread be made from such grain, 
the persons eating it are affected with very peculiar symptoms, which 
are classed under the term ergotism. As this diseased condition of 
the grain is confined to certain districts, so, naturally, the disease 
breaks out epidemically in men and animals. The disease has been 
known for a very long time : it was first accurately described 
during an epidemic in France during the year 1630. In Germany 
the disease appears to be very rare, as also in England, and in 
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Italy. In recent times it has scarcely ever occaned ; Lbis may be 
easily explained by tbe Fact that the diseased grain is now better 
knawu and is not used for bread, and aUo because comparatively 
less com is now grown since potatoes have been more extensively 
cultivated. 

From the existing descriptions of this disease we maygatbci that 
varioQS forms auil types have presented themselves, and that first 
one and then another has prevailed during diiTercnt epidemics: 
perhaps the poison is not always the same, or at least dilTers in its 
intensity. In the very acale cases the patients are attacked very 
early with violent and general cramp, and death takes place in from 
four to eight days ; other cases have a longer course : the cramp 
only comes on from time to time. During the premonitory stages 
there is great itching and creeping of the skin, particularly of the 
hands : to this succeeds a feeling of numbness, anaathesia in the 
tips of the fingers, combined with dry, seldom with moist gangrene 
of the skin, then of the whole e^itremity. In the more chronic cases 
the result is more favorable, though several fingers or toes may be 
lost. 

remains to speak of some forms of gangrene, the causes of 

not accurately known, and in which probably several causes 

Among these is the so-called water-canker or noma, a 

IU3 form of gaugrene, occurring in children and most 

frequently on the cheek : it is especially common in towns on the 

Baltic, and very much less so inland. Very debilitated cliildren 

who live in cold moist habitations arc especially liable to Ibis disease : 

it manifests itself as a gangrenous spot in the middle of the cheek 

or lip, coming without any known cause ; it spreads most rapidly, 

nutil the children at last die of exhaustion. 

Whether in these cases ansmia with feebleness of the heart is the 
tmly cause, or whether miasmstic influences help, or whether there is 
any special disease of the blood, is very doubtful. That certain 
diseased conditions of the blood predispose to gangrene we have 
already mentioned in our remarks on decubitus in septicemia. We 
must also include here the occurrence of gangrene after typhoid, in- 
termittent, and exautbematic fevers, also in diabetes mellitus, Bright's 
disease, &c. AHei, and also during these diseases, gangrene of the tip 
of the nose, of the ear, of the lips, of the cheek, or of the hands and feet 
sometimes occurs. In rare cases an exanthem may pass into superficial 
gasgr^ie. Is such cases we must consider that the miasma which 
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induced the typhoid exercised some influence also on the production 
of the gangrene : on the other hand^ there is some ground for the 
belief that the gangrene is^ for the most part^ the result of the great 
debility of the heart's action consequent on a long illness ; in con- 
sequence of this there is not power to force the blood into the 
distant parts of the body with sufficient force ; the gangrene is thus 
the result of a miasmatic capillary thrombosis. Estlander has very 
recently made some interesting observations on gangrene of the 
lower extremities in typhus fever^ and has arrived at the conclusion 
that this form of gangrene is partly caused by emboli^ which most 
probably result from miasmic thrombi in the left heart. No doubt 
different conditions obtain in individual cases more or less^ and thus 
no uniform stiology suitable for all cases can be laid down. I will 
just mention that the stomatitis which results from the over-use of 
mercury shows a great disposition to gangrene. We shall speak 
further on of a form of gangrene pecuhar to wounds — ^hospital 
gangrene. 

At the commencement of this chapter I have said that ''the 
immediate cause of the death of individual parts of the body is 
always the complete arrest of the supply of nutritious fluids^ 
generally in consequence of suspended circulation in the capillaries.'' 
This admits the possibility that gangrene may also occur even while 
the circulation continues : formerly I did not consider this to be 
possible^ that is^ I could not conceive dead gangrenous tissue with 
capillary circulation. Observations at the bedside, together with 
the impressions which Samuel's researches on inflammation have 
produced on me, have led. me to believe, however, that such is 
possible ; that, in fact, the inflammatory disturbance of the nutrition 
of the tissue, of which we have already spoken, is sometimes so 
intense and spreads so rapidly, as to lead directly to the arrest of 
tissue change, even before stasis and coagulation in the vessels can 
take place. The blood then circulates in the tissues in which, 
however, the normal functions of tissue changes are no longer 
performed, but in which the contained juices decompose in an 
entirely independent manner, identical probably in the immediate 
products of its decomposition with putrefaction. Gases of panaritium 
occur and more rarely of phlegmon, which so rapidly become 
gangrenous, that from analogies with other tissues it is highly 
improbable that it is not the result of arterial thrombosis: the 
capillary circulation no doubt soon ceases if the tissue becomes 
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^^Bttiaril; gangrenous, but then this is not the result of circulatory 
^mtturbance in the arteries aitd veins as in the gangrene of atrangu- 
latioD, but in consequence of the destruction of the function of the 
vessel walls by the inflammatory process, which [ look upon as a 
higher degree of the ipflammatory alteration (Cohnheim), and which 
in such cases is very rapidly gone through, almost passed over. A 
similar rapid change from iiiHammatory alteration to destruction of 
tissue can also be brought about especially by septic products : 
probably the poison uf suakes acts in this manner, but of this we 
shall speak later. Then also tibrinous infiltration of the cellular 
tissue (diphtheritic plilegmon) must once again be mentioned. It 
would seem from some clinical observations as if lluid blood may 
still continue to flow for a time through the vessels of tissues, the 
juices of which are almost completely coagulated, and that the 
thrombosis in some of these cases is only the result of cellular 
infiltration, &nd further that the tissue under these circumstances dies 
before the circulation is completely stopped. 

It is at present impossible to draw any exact couclnsions as to the 
signihcatioD of these facts, and I oidy refer to them in the hope, 
should any opportunities offer, that you will devote all your attention 
to these highly important changes. The view is not novel, for the 
older surgeons regarded gangrene as the most potent of all inflam- 
mations. 

There are some very important rules for the prevention of gangrene, 
especially of decubitus and other forms due to pressure: even 
from gangrene inflammation may be prevented under certain circum- 
stances by relieving the great tension of the tissues and the venous 
congestion by early and well-timed incisions. 

As preventive measures against bedsores, bear the following 
rnlea in mind : never forget to pay due attention to this point, 
especially in diseases which predispose to this comphcation : The 
most suitable sick-bed is a horse-hair mattress ; the sheets must 
always be kept smooth, so that the patient never lies on folds. As 
soon as any redness of the skin appears over the sacrum, you must 
be doubly careful about the fEeces and urine, lest the bed be wetted 
through. Slice a lemon and let tlie reddened spot be rubbed daily 
with the fresh juice from (he cut surface. If the excoriation appear 

Icr the sacrum, immediately place the patient on a horse-shoe 
ibion, or if it can be had, on n good air or water cushion. The 
■Sriated place may be painted with nitrate of silver, or may be 
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covered over with a washleather plaster. If the decubitus is 
gangrenous from the firsts and seems inclined to spread^ the ordinary 
treatment of gangrene must be adopted^ of which we shall speak 
presently. 

The local treatment of the commencing gangrene has two chief 
objects in view : — (i) . The separation of the gangrenous portions by 
the promotion of active suppuration^ with which the arrest of the 
gangrene is intimately connected ; (2). The prevention of decom- 
position (in the gangrenous portions) which acts injuriously on the 
patient and renders the air of the room pestilential. 

For the accomplishment of the first indication moist warmth in 
the form of poultices was formerly much used. I cannot find, 
however, that they are particularly useful in these cases. If the 
gangrene is moist, and if the gangrenous parts are disposed to 
decompose, the appUcation of cataplasms would only tend to favour 
it j while for the separation of a dry eschar which does not smell 
badly, if the line of demarcation be already formed, it is scarcely 
worth the trouble to hasten the process of separation by a short time 
by the use of warmth. I prefer therefore very much to cover the gan- 
grenous parts and the edges of the healthy tissue with lint freely 
soaked in chlorine water, and by the use of the same means in moist 
gangrene I have succeeded in lessening the disagreeable odour of 
the decomposing tissues. For the same purpose we may use 
creasote water^ or carbolic acid lotion^ or dilute purified pyroligneous 
acid, very strong alcohol, spirits of camphor^ or oil of turpentine. 
Charcoal powder dusted thickly over a part absorbs the gases, which 
develope in the putrefying tissue^ but it is only little used, because 
it soils wounds, bandage, and everything else with which it comes in 
contact. Besides these there are other powerful antiseptics, the 
acetate of alumina, and coal-tar with plaster of Paris : both remedies 
are very simple, but they, like all others of this class, must be 
frequently renewed day and night, if they are to be efiicacious in 
removing the offensive smell. Latterly the permanganate of potash 
(I — 100) has become greatly prized not only as a local antiseptic, 
but also as a disinfectant. I have made rather extensive trials with 
this fluid, but find it very inferior to those previously mentioned. 
Concentrated solutions of carbolic acid in olive oil (i — 50) cause 
symptoms of poisoning (olive-coloured urine), and hence they must 
be used with caution. So soon as the gangrenous mass has become 
somewhat loosened, the threads must be cut through with scissors. 
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withont^ however^ cnttiDg into the sound tissne ; for this is of great 
importance^ especially in extensive gangrene of sabcutaneous cel- 
hlar tissne, as^ for instance, after extravasation of urine ; then the 
local antiseptic treatment must be continued until healthy gra- 
mdation is well established. Guided by the anatomical conditions 
in spontaneous gangrene, it has been advised in the early stage of 
gngrene to break up the blood coagula in the limb by friction 
Hid by stroking the limb ; this method, on account of the pain and 
the nrelling of the part, is only occasionally practicable. In those 
cues in which I tried this treatment it produced no good effect 
ti&r as the spread of the gangrene was concerned. 

If the gangrene affect a whole limb, as in the different forms of 
ipontaneous and senile gangrene, I would strongly advise you not 
to undertake any operation until the line of demarcation is defi- 
lutdj formed. If there is gangrene of single toes, wait until they 
wptnte ; if the gangrene affect the entire foot or leg, arrange to do 
the amputation in such a manner that it becomes an aid to the 
lUMfmal process of separation ; that is to say, you endeavour to take 
onlj jost sufficient skin along the healthy margin to cover the 
nmpntated surface, and you saw through the bone, at the nearest 
>pot to the line of demarcation. With such precautions you will 
oocaoonally succeed in arresting any further outbreak of gangrene, 
ud m preserving the patient's life. If the patient die before a 
dutinct line of demarcation has formed, as is vtry frequently the 
^■Bi you need not reproach yourselves for having deferred the 
unpntation^ for it is almost certain that the patient, if you liad per- 
fonned amputation, would have probably died even more quickly. 
^ prognosis in gangrene from ictemal causes (as the older 
voigeons expressed it) is generally unfavorable. 

As r^ards the general internal treatment of gangrene^ it mu«t 

Iw strengthening, and in some cases even stimulating. A generous 

diet, with quinine, acids, and occadonally a few do^es of camphor, 

ut indicated. The severe pain in senile i:arjj.nrene render opium 

necessary, often even in large dose«, or ^^uocuianeous injection of 

Bfltphia renders good service. For i/anjrrene in mercurial stomatitis 

there is no definite antidote, but the u^e of mercurj muht at one; 

be suspended; if mercurial ointment ha- been sipplied, the patient 

anst be put into a warm bath and 7a«'r:e J ; he fihould be pUc/:d in a 

fresh, weU-ventilated room, wiih clean bvh a: A bed linen, and have 

flideied a gaigle cither of chlorate of jK.tar'ri or er.lorir.e -Aater. 
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Neither have we anjr antidote for the ergotine^ which causes 
ei^tism ; emetics^ qninine and its preparations^ and carbonate of 
ammonia, are mostly recommended. .We can onljr cnt off the con* 
tinned absorption of putrescent materials into the blood hj am- 
putation of the diseased part ; and we have already pointed out 
what an uncertain remedy this is, especially in spontaneous 
gangrene. 
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